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Respond to the demand for a 
set of disposable trays to help 
hospitals and private practices 
control biopsy costs on a per- 
procedure basis. 


E-Z-EM’s new PercuSet line of 
disposable biopsy trays creat- 
ing asystem of procedure trays— 
a system of trays which offers 
the doctor progressive degrees 
of procedure capability. 


PercuSet Biopsy Trays assure 
absolute sterility, minimize 
component handling, 
eliminate cross-contamination, 
and are laid out in a logical 
procedural sequence. 


They provide effective cost 
control, and reduce inventory 
management of components. 


For additional information and 
a color brochure that details 
the PercuSet System, contact 
your local representative, or call 
E-Z-EM toll-free at 800-645-3052. 
In New York call 516-333-8230. 


E-Z-EM 


More than barium— 
much more 
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Procedure trays 
TO control costs 
new from E-Z-EM 
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Evac-O-Kwik 
advantages 

are as clear as the 
Xray you get. 


Use this checklist to compare other bowel preps: 


EVAC-Q-KWIK Other Preps 


Fluid intake 


Reconstitution 


Low 


Adminstration time | 6 hours 


No 
Alcohol 


arrive ready for X-ray. No staff time or extra prepping 
~ needed. One take is all—virtually every time. Thi 
means better work flow, cost containment and patient 
comfort. 
Everything is in the kit, including easy-to-follow 
instructions. No mixing, no enemas, no alcohol, no 
sugar, low sodium... and low cost. Easy to use for bet- 
ter compliance. 
Seeing is believing. Give Evac-Q-Kwik a trial. 


There's more. 

Take advantage of our service materials: 
C Inservice film for nurses () Multi-language instruc- 
tion sheets [L] Radiology work sheets LJ “What to 
expect” booklet for patients. Ask your Adria Represen- 
tative, or drop us a line. Adria Laboratories, Columbus, 
Ohio 43215. 


Evac-O-Kwi 


Clean colon, clear advantages. 
CURD 

Adria Laboratories 

Columbus, OH 43215 
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Address new and revised manuscripts, correspondence, 

and classified ads to the Editor: 

AJR Editorial Office 

2223 Avenida de la Playa, Suite 200 

La Jolla, CA 92037 Telephone: (619) 459-2229 
Inquiries regarding subscriptions, display advertising, reprints, 
or permission to republish AJR material should be addressed 
to the publisher: 

The Williams & Wilkins Co. 

428 E. Preston St. 

Baltimore, MD 21202 Telephone: (301) 528-4133 

The AJR publishes original contributions to the advance- 
ment of medical diagnosis and treatment. Submitted manu- 
scripts should not contain previously published material and 
should not be under consideration for publication elsewhere. 
Papers dealing with neuroradiology should be addressed to: 
American Journal of Neuroradiology, Dept. of Radiology, Mas- 
sachusetts General Hospital, Boston, MA 02114. At the dis- 
cretion of the AJR Editor, AJNR articles that are of interest to 
the general reader may be republished in the AJR. Neurora- 
diologic papers sent to the AJA will be forwarded to the 
Editorial Office of the AJNR. 

Manuscript decisions are based on peer review. Reviewers 
receive manuscripts without title pages to ensure an unbiased 
review. All accepted manuscripts are subject to editing. State- 
ments made in the article, including changes made by the 
Editor or manuscript editor, are the responsibility of the author 
and not of the AJA or its publisher. Authors will be sent the 
edited manuscript, galley proof, and proofs of illustrations. If 
the corresponding author will be unavailable to review galleys, 
arrangements should be made for a coauthor or colleague to 
read and return the proof. 


General Guidelines for Major Papers 


Abstract. Clearly state (in 150 words or less) the purpose, 
methods, results, and conclusions of the study. Include actual 
data. 

Introduction. Briefly describe the purpose of the investiga- 
tion, including relevant background information. 

Methods. Describe the research plan, the materials (or 
subjects), and the methods used, in that order. State in detail 
the confirmation of disease and control of subjectivity in 
observations. 

Results. Present results in a clear, logical sequence. If tables 
are used, do not duplicate tabular data in text, but do describe 
important trends and points. 

Discussion. Describe the limitations of the research plan, 
materials (or subjects), and methods, considering both the 
purpose and the outcome of the study. When results differ 
from those of previous investigators, explain the discrepancy. 


AJR Guidelines for Authors 








AUTHOR’S CHECKLIST 


For priority handling, please complete the following check- 
list, sign the copyright form on the reverse side of this 
page, and send in both with your manuscript. 


Two copies of the manuscript (the original and a 
photocopy) and two complete sets of figures are submitted. 
One copy has been retained by the author. 

lf appropriate, AJR Guidelines for case reports, tech- 

nical notes, pictorial essays, or letters to the Editor have been 
followed. 
_______. The manuscript, including references, figure leg- 
ends, and tables, is typed double-spaced throughout on 82 
x 11 in. (21.6 x 27.9 cm) nonerasable paper. Right-hand 
margins are not justified. 

All manuscript pages are numbered consecutively 
without author identification. i 

The manuscript is organized as follows: title page, 
blind title page (title only), abstract, introduction, methods, 
results, discussion, acknowledgments, references, tables, fig- 
ure legends, and figures. 

Informed consent has been obtained from patients 
who participated in clinical investigations. If experiments were 
performed on animals, authors complied with NIH guidelines 
for use of laboratory animals. 

Use of unfamiliar acronyms and abbrevations is kept 
to a minimum. When abbreviations are used they are written 
out at first mention, with the abbreviation following in paren- 
theses. 

Metric measurements are used throughout, or the 
metric equivalent is given in parentheses. 

Names and locations (city and state only) of manu- 
facturers are given for equipment and nongeneric drugs. 


Title Page 


The following information is given: title of article; 
names and complete addresses (including zip code) of all 
authors; current addresses of authors who have moved since 
study; acknowledgment of grant or other assistance. Identify 
corresponding author and give current address and phone 
number. 

Two copies of a blind title page are included giving 
only the title (without the authors’ names) for use in the review 
process. 





Abstract 


An abstract of approximately 150 words concisely 
states the purpose, methods, results, and conclusions of the 
study. Actual data are included. 

No abbreviations or reference citations are used in 
the abstract. 


References 


References (not to exceed 35) are typed double- 
spaced starting on a separate page and are numbered con- 
secutively in the order in which they appear in the text. 

All references are cited in the text and are enclosed 
in brackets and typed on line with the text (not superscript). 

Unpublished data are not cited in the reference list, 
but are cited parenthetically in the text, for example, (Smith 
DJ, personal communication), (Smith DJ, unpublished data). 
This includes papers submitted, but not yet accepted, for 
publication. 

Inclusive page numbers (e.g., 333-335) are given 
for all references. 

Journal names are abbreviated according to /ndex 
Medicus. 

Style and punctuation of references follow the for- 
mat illustrated in the following examples (all authors are listed 
when six or less; when seven or more authors, the first three 
are listed, followed by “et al.”): 


Journal article 
1. Long RS, Roe EW, Wu EU, et al. Membrane oxygenation: radiographic 
appearance. AJR 1986;146: 1257-1260 


Book 
2. Smith LW, Cohen AR. Pathology of tumors, 6th ed. Baltimore: Williams & 
Wilkins, 1977: 100-109 


Chapter in a book 
3. Breon AJ. Serum monitors of bone metastasis. In: Clark SA, ed. Bone 
metastases. Baltimore: Williams & Wilkins, 1983: 165-180 


Paper presented at a meeting 

4. Lau FS, Kirk AN, Beck RA. MR imaging of the spine. Presented at the 
annual meeting of the American Roentgen Ray Society, Washington, DC, April 
1986 





Tables 


Each table is typed double-spaced on a separate 
page without vertical or horizontal rules; each has a short, 
descriptive title. Tables do not exceed two pages in length 
and contain at least four lines of data. 

Tables are numbered in the order in which they are 
cited in the text. 

Abbreviations are defined in an explanatory note 
below each table. 

Tables are self-explanatory and do not duplicate 
data given in the text or figures. 

All arithmetic (percentages, totals, differences) has 
been double checked for accuracy, and tabular data agree 
with data given in the text. 


Figures and Legends 


Two complete sets of original figures are submitted 
unmounted in labeled envelopes. 

Figures are clean, unscratched, 5 x 7 in. (13 x 18 

cm) glossy prints with white borders. A separate print is 
submitted for each figure part. 
________ Each figure is labeled on the back with the figure 
number and an arrow indicating “top.” Labeling is done on a 
gummed label and then affixed to the back of the print. (Never 
use ink on front or back of figures.) 

Author's names are not written on the backs of 
figures. 

Only removable (rub-on) arrows and letters are used 
on the figures themselves. Symbols are not broken or 
cracked. 

Images are uniform in size and magnification. 

Line drawings are done in black ink on a white 
background and are of professional quality. (Only glossy 
prints, not originals or photocopies, are acceptable.) 

Written permission has been obtained for use of all 
previously published illustrations (and copies of permission 
letters are included), and an appropriate credit line is given in 
the legends. 

_________ Legends are typed double-spaced, and figure num- 
bers correspond with the order in which the figures are cited 
in the text. 





Transfer of Copyright Agreement and Exclusive Publication Statement 


Complete copyright to the article entitled: 








is hereby transferred to the American Roentgen Ray Society (for United States government employees to the extent transferable), effective if and when the article 
is accepted for publication in the American Journal of Roentgenology. In the case of the authors who are officers or employees of the United States government, 
the American Roentgen Ray Society recognizes that works prepared by officers or employees of the United States government as part of their official government 
duties are in the public domain. 

Authors reserve all proprietary rights other than copyright, such as patent rights and the right to use all or part of this article in future works of their own. The 
authors retain the right of replication, subject only to crediting the original source of publication and receiving written permission from the publisher. 

Authors guarantee that this manuscript contains no matter that is libelous or otherwise unlawful, invades individual privacy, or infringes any proprietary rights. 

Authors understand that they will receive no royalty or other compensation from the American Roentgen Ray Society. 

Finally, the authors certify that none of the material in this manuscript has been published previously or is currently under consideration for publication elsewhere. 







First author/date Second author 





This agreement must be signed by all authors in order for the manuscript to be published. 
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A case report is a brief description of a special case that 


we Ti calidad 
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the specific interest of the case. No more than one case 
should be described in detail (similar ones can be men- 
tioned briefly in the discussion). Emphasis should be on 
the radiologic aspects; clinical information must be limited 
to that necessary to provide a background for the radiol- 
ogy. The discussion should be succinct and should focus 
on the specific message and relevance of radiologic meth- 
ods. A review of the literature is not appropriate. 

Length. Maximum of five double-spaced, typewritten 
pages, including the references but not the title page or 
figure legends. 

References. Maximum of eight. 

Figures. Maximum of three or four, unless the text is 
shortened accordingly. Legends must not repeat the text. 

Tables and Acknowledgments. Not appropriate in case 
reports. 








Pictorial Essays 


A pictorial essay is an article that conveys its message 
through illustrations and their legends. Unlike other AJR 
articles, which are based on original research, pictorial 
essays serve primarily as teaching tools, like exhibits at a 


aniantifin mantina Thaw ara nat annuclanadic hank chan. 


Ti Non 


A technical note is a brief description of a specific 
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quired. If headings are used, they should be a combination 
of “Case Report,” “Materials and Methods,” “Results,” and 
“Discussion.” A brief one-paragraph introduction should 
be included to give the general background. Discussion 
should be limited to the specific message, including the 








uses of the technique or equipment. Literature reviews | 


and lengthy case reports are not appropriate. 

Length. Maximum of five double-spaced, typewritten 
pages, including the references but not the title page or 
figure legends. 

References. Maximum of eight. 

Figures. Maximum of two, unless the text is shortened 
accordingly. 

Tables and Acknowledgments. Not appropriate in tech- 
nical notes. 











Letters to the Editor and Replies 


Letters to the Editor and Replies should offer objective 
and constructive criticism of published articles. Letters 
may also discuss matters of general interest to radiolo- 
gists. 











Enrmat All letters should he tvned double-spaced on | 


The difference between sharp 





„and sharper. 


Kodak T-Grain emulsion technology results in “tabular” grains. 


The difference between conventional silver grains The only other difference is noticeably less process- 
and tabular grains can be seen in the sharpness ing sensitivity! Ask your Kodak representative for 

of the images. And only in Kodak T-Mat films do you a head-to-head demonstration of Kodak T-Mat films. 
get the sharpness produced by T-Grain emulsions. And about all the extra support that comes with any 
Best of all, there aren't any tradeoffs. You get increased Kodak product. Or write for details. Eastman Kodak 
detail, yet technics are the same as with Kodak ortho Company, Dept. 412-LMI, 343 State Street 

films and Kodak Lanex screens, including the same Rochester, New York 14650. K 
high, motion-stopping, exposure-reducing speeds. Can you afford anything less? 








Tecnomed USA l 
% MAMMOGRAPHIC 
SYSTEM 











In the beginning... 
The original MAMEX DC 


The Mamex DC is a complete mammographic 
system, consisting of a modern, efficient DC 

generator which virtually eliminates “ripple” and 
gives a higher resolution image with consistently 
higher subject contrast; a molybdenum anode 
x-ray tube; and a motorized compression system 
with floor remote control. 


Standard features: 

* Compact DC generator with automatic 
exposure control. 
Exposures can be made once every 30 seconds. 

* Stand designed for x-ray examination of the 
breast. 

* Hardened glass screen protects technician 

during exposure. 

Floor remote compression control. 

Phototiming detector position selector. 

Field light. 

Breast compression plate; 

Biopsy compression plate; 

Spot cone compression plate. 

18x24cm Kodak Min-R cassette with screen. 

Film identification markers. 

Automatic line voltage compensation. 

-6x.6 stationary anode molybdenum x-ray tube 

with beryllium window. q 





+ +++ 





— Options: 

Ga * 200L 3.5:1 grid. 
* Carbon fiber cassette tunnel with grid pocket.. 
* In-hospital wheel assembly (shown). 
* Van wheel assembly. 


Mamex DC... 


* Five-year proven track record of performance 
and reliability; 

* Hundreds of satisfied physicians, clinics, and 
hospitals throughout the United States and 
internationally; 

* Full 12-month non-prorated warranty on the 

“= x-ray tube; 

* Average midbreast dosages, ona 2-film examof ¥ 
a 6cm compressed breast, of .07R or less (as 
documented by the University of Michigan 
Breast Cancer Detection Center - Ingvar 
Andersson, M.D.) 


oe .. . Offers your facility the very best in diagnostic 
Original MAMEX DC equipment available in today’s marketplace. 
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Improve | 
the safety profile. 


Excellent Improved patient Less patient 
vasculartolerance comfortincerebral — motion in I.V. DSA 
In peripheral arterography 

arteriography and e Fewer repeat examinations: 
venography e Greater patient comfort than brine bt paso Aba a iô 


with conventional ionic 


less swallowing, motion, 
media.812 g 


coughing." 
à el o a e Excellent neurotoxicity profile.* , Greater patient comfort, better 
e Fewer injections accompanied tolerance: most subjective side 
| J p l 
e Systolic and diastolic pressures by major changes in heart effects were mild.4135 


maintained near baseline.*® rate.4" 


Clinical relevance is yet to be established e Good to excellent radiographic 


quality in 94% of patients 
e Less need for repeat (n = 111),413-15 

examinations: significant 

improvement in patient comfort. 

Marked reduction in patient 

movement.®’ A transient 

sensation of mild warmth is 

usual immediately following 

injection. 


Recommended concentrations: For peripheral arteriography —_OMNIPAQUE 300 (300 mgI/mL) 
or OMNIPAQUE 350 (350 mgl/mL). For peripheral venography-_OMNIPAQUE 240 

(240 mgl/mL) or OMNIPAQUE 300 (300 mgI/mL). For cerebral arteriography —_OMNIPAQUE 
300 (300 mgl/mL). For I.V. digital subtraction angiography —-OMNIPAQUE 350 (350 mgl/mL). 
For excretory urography--OMNIPAQUE 300 (300 mgl/mL) or OMNIPAQUE 350 (350 mgl/mL). 


*See following pages for important product information concerning contraindications, warnings, 
adverse reactions, patient selection, and precautionary recommendations. 
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Excellent patient 
safety inexcretory 
urography 


e In a clinical study of over 50,000 
patients, iohexol resulted in a 
low incidence of adverse 
reactions, even among high-risk 
patients and in those allergic to 
iodinated contrast media. '® 


e Milder and less frequent sensa- 
tions of warmth or heat; less 
nausea and vomiting.41 


e Less potential for renal damage 
compared with conventional 
ionic media. 


e Minimal effect on serum 
creatinine and renal enzymes, 
glomerular filtration rate, 
permeability, or albumin 
excretion.2°s 


Not recommended for patients with anuria 
Since adverse reactions can occur with 


nonionic media, similar precautions to those 


recommended for ionic media should be 
utilized for the treatment of severe or poten- 
tially fatal reactions. Preparatory dehydra- 
tion is not recommended in the elderly 
diabetic or azotemic patients, or those with 
suspected myelomatoma. 
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OMNIPAQUE DÙ 


(IOHEXOL) THE NEW STANDARD IN 


CONTRAST-ENHANCED IMAGING 
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OMNIPAQUE® 


INJECTION (IOHEXOL) 





PLEASE CONSULT FULL PRODUCT INFORMATION BEFORE USING. 

A SUMMARY FOLLOWS: 

OMNIPAQUE is a nonionic, water-soluble. radiographic contrast medium 
INDICATIONS AND USAGE: OMNIPAQUE is indicated in adults for angiocar- 
diography (ventriculography, selective coronary arteriography); aortography, 
including studies of the aortic root, aortic arch. ascending aorta, abdominal 
aorta, and its branches, cerebral arteriography: digital subtraction angiogra- 
phy; peripheral angiography including arteriography and venography 
(phlebography), excretory urography; and for intrathecal administration in 
adults including myelography (lumbar, thoracic. cervical. total columnar), and in 
contrast enhancement for computerized tomography (myelography, cister- 
nography, ventriculography) 

Administration of contrast media should be performed by qualified personnel 
familiar with the procedure and an appropriate technique should be utilized 
CONTRAINDICATIONS: OMNIPAQUE should not be administered to patients 
with a known hypersensitivity to iohexol. 

Lumbar puncture ordinarily should not be performed in the presence of local 
or systemic infection where bacteremia is likely 

Intrathecal administration of corticosteroids with OMNIPAQUE is contra- 
indicated. 

Because of the possibility of overdosage, immediate repeat myelography in 
the event of technical failure is contraindicated (see DOSAGE AND 
ADMINISTRATION). 

WARNINGS— General: OMNIPAQUE should be used with extreme care in 
patients with severe functional disturbances of the liver and kidneys, severe 
thyrotoxicosis, or myelomatosis. Diabetics with a serum creatinine level above 
3 mg/dL should not be examined unless the possible benefits of the examina- 
tion clearly outweigh the additional risk. OMNIPAQUE is not recommended for 
use in patients with anuria. 

Radiopaque contrast agents are potentially hazardous in patients with multi- 
ple myeloma or other paraproteinemia, particularly in those with therapeutically 
resistant anuria. Although neither the contrast agent nor dehydration has 
separately proven to be the cause of anuria in myeloma, it has been speculated 
that the combination of both may be causative factors. The risk in myelomatous 
patients is not a contraindication: however special precautions are necessary. 
Partial dehydration in the preparation of these patients prior to injection is not 
recommended since this may predispose the patient to precipitation of the 
myeloma protein in the renal tubules. No form of therapy, including dialysis, has 
been successful in reversing the effect. Myeloma, which occurs most commonly 
in persons over age 40, should be considered before instituting intravascular 
administration of contrast agents. 

lonic contrast media, when injected intravenously or intra-arterially, may 
promote sickling in individuals who are homozygous for sickle cell disease 

Administration of radiopaque materials to patients known or suspected of 
having pheochromocytoma should be performed with extreme caution. If, in the 
opinion of the physician, the possible benefits of such procedures outweigh the 
considered risks, the procedures may be performed, however, the amount of 
radiopaque medium injected should be kept to an absolute minimum. The 
patient's blood pressure should be assessed throughout the procedure and 
measures for the treatment of hypertensive crisis should be readily available. 

Reports of thyroid storm following the use of iodinated, ionic radiopaque 
contrast media in patients with hyperthyroidism or with autonomously function- 
ing thyroid nodule suggest that this additional risk be evaluated in such patients 
before use of any contrast medium 

Urography should be performed with caution in patients with severely 
impaired renal function and patients with combined renal and hepatic disease 

Caution is advised in patients with a history of epilepsy, severe cardiovascular 
disease, chronic alcoholism, or multiple sclerosis 

Elderly patients may present a greater risk following myelography The need 
for the procedure in these patients should be evaluated carefully. Special 
attention must be paid to dose and concentration of the medium, hydration, and 
technique used 

Patients who are receiving anticonvulsants should be maintained on this 
therapy. Should a seizure occur, intravenous diazepam or phenobarbital sodium 
is recommended. In patients with a history of seizure activity who are not on 
anticonvulsant therapy, premedication with barbiturates should be considered 

Prophylactic anticonvulsant treatment with barbiturates should be considered 
in patients with evidence of inadvertent intracranial entry of a large or concen- 
trated bolus of the contrast medium since there may be an increased risk of 
seizure in Such cases. 

Drugs which lower the seizure threshold. especially phenothiazine 
derivatives, including those used for their antihistamine properties, are not 
recommended for use with OMNIPAQUE. Others include MAO inhibitors. 
tricyclic antidepressants, CNS stimulants, and psychoactive drugs described 
as analeptics, major tranquilizers, or antipsychotic drugs. While the contributory 
role of these medications has not been established, the use of such drugs 
should be based on physician evaluation of potential benefits and potential 





OMNIPAQUE * injection (iohexol) 


risks. Physicians have discontinued these agents at least 48 hours before and 
for at least 24 hours postprocedure. 

Care is required in patient management to prevent inadvertent intracranial 
entry of a large dose or concentrated bolus of the medium Also, effort should 
be directed to avoid rapid dispersion of the medium Causing inadvertent rise to 
intracranial levels (eg, by active patient movement). Direct intracisternal or 
ventricular administration for standard radiography (not CT) is not recom- 
mended 

In most reported cases of major motor seizures with other nonionic myelo- 
graphic media, one or more of the following factors were present. Therefore 
avoid: 

e Deviations from recommended procedure or in myelographic management 

e Use in patients with a history of epilepsy 

e Overdosage. 

e Intracranial entry of a bolus or premature diffusion of a high concentration of 
the medium. 

e Medication with neuroleptic drugs or phenothiazine antinauseants. 

e Failure to maintain elevation of the head during the procedure, on the stretcher. 
or in bed. 

e Excessive and particularly active patient movement or straining 

If grossly bloody CSF is encountered. the possible benefits of a myelographic 
procedure should be considered in terms of the risk to the patient 


PRECAUTIONS— General: Diagnostic procedures which involve the use of 
radiopaque diagnostic agents should be carried out under the direction of 
personnel with the prerequisite training and with a thorough knowledge of the 
particular procedure to be performed Appropriate facilities should be available 
for coping with any complication of the procedure, as well as for emergency 
treatment of severe reactions to the contrast agent itself. After parenteral 
administration of a radiopaque agent, competent personnel and emergency 
facilities should be available for at least 30 to 60 minutes since severe delayed 
reactions have occurred (see ADVERSE REACTIONS). 

Preparatory dehydration is dangerous and may contribute to acute renal 
failure in patients with advanced vascular disease. diabetic patients, and in 
susceptible nondiabetic patients (often elderly with preexisting renal disease) 
Dehydration in these patients seems to be enhanced by the osmotic diuretic 
action of urographic agents. It is believed that overnight fluid restriction prior to 
excretory urography generally does not provide better visualization in normal 
patients. Patients should be well hydrated prior to and following iohexol 
administration. 

In patients with severe renal insufficiency or failure, compensatory biliary 
excretion of the drug is anticipated to occur, with a slow clearance into the bile 
Patients with hepatorenal insufficiency should not be examined unless the 
possibility of benefit clearly outweighs the additional risk. 

Acute renal failure has been reported in diabetic patients with diabetic 
nephropathy and in susceptible nondiabetic patients (often elderly with pre- 
existing renal disease) following excretory urography. Therefore, careful 
consideration of the potential risks should be given before performing this 
radiographic procedure in these patients 

Immediately following surgery, excretory urography should be used with 
Caution in renal transplant recipients. 

The possibility of a reaction. including serious, life-threatening, fatal, ana- 
phylactoid, or cardiovascular reactions should always be considered (see 
ADVERSE REACTIONS). It is of utmost importance that a course of action be 
carefully planned in advance for immediate treatment of serious reactions, and 
that adequate and appropriate personnel be readily available in case a severe 
reaction should occur. 

The possibility of an idiosyncratic reaction in susceptible patients should 
always be considered (see ADVERSE REACTIONS). The susceptible population 
includes patients with a previous reaction to contrast media. patients with a 
known sensitivity to iodine per se, and patients with a known clinical hypersen- 
sitivity: bronchial asthma, hay fever, and food allergies. 

The occurrence of severe idiosyncratic reactions has prompted the use of 
several pretesting methods. However. pretesting cannot be relied upon to 
predict severe reactions and may itself be hazardous for the patient. It is 
suggested that a thorough medical history with emphasis on allergy and 
hypersensitivity, prior to the injection of any contrast media, may be more 
accurate than pretesting in predicting potential adverse reactions > 

A positive history of allergies or hypersensitivity does not arbitrarily contra- 
indicate the use of a contrast agent where a diagnostic procedure is thought 
essential, but caution should be exercised (see ADVERSE REACTIONS). 
Premedication with antihistamines or corticosteroids to avoid or minimize 
possible allergic reactions in such patients should be considered. Recent 
reports indicate that such pretreatment does not prevent serious life-threatening 
reactions, but may reduce both their incidence and severity 

Even though the osmolality of OMNIPAQUE is low compared to diatrizoate- or 
iothalamate-based ionic agents of comparable iodine concentration, the poten- 
tial transitory increase in the circulatory osmotic load in patients with congestive 
heart failure requires caution during injection. These patients should be ob- 
served for several hours following the procedure to detect delayed hemody- 
namic disturbances. 

General anesthesia may be indicated in the performance of some procedures 
in selected adult patients; however, a higher incidence of adverse reactions has 
been reported in these patients, and may be attributable to the inability of the 
patient to identify untoward symptoms, or to the hypotensive effect of anesthesia 
which can reduce cardiac output and increase the duration of exposure to the 
contrast agent. 

Angiography should be avoided whenever possible in patients with 
homocystinuria, because of the risk of inducing thrombosis and embolism. 

In angiographic procedures, the possibility of dislodging plaques or damag- 
ing or perforating the vessel wall should be borne in mind during the catheter 
manipulations and contrast medium injection. Test injections to ensure proper 
catheter placement are recommended. 

Selective coronary arteriography should be performed only in those patients 
in whom the expected benefits outweigh the potential risk. The inherent risks of 
angiocardiography in patients with chronic pulmonary emphysema must be 
weighed against the necessity for performing this procedure. 

Administration of contrast media should be performed by qualified personnel 
familiar with the procedure and appropriate patient management. Sterile 
technique must be used with any spinal puncture. 

When OMNIPAQUE is to be injected using plastic disposable syringes, the 
contrast medium should be drawn into the syringe and used immediately. 
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lf nondisposable equipment is used, scrupulous care should be taken to 
prevent residual contamination with traces of cleansing agents. 
Parenteral products should be inspected visually for particulate 

matter and discoloration prior to administration. If particulate matter or 

discoloration is present, do not use. 

Repeat Procedures: If, in the clinicat judgment of the physician, sequential or 

repeat subarachnoid examinations are required, a suitable interval of time 

between administrations should be observed to allow for normal clearance of 
the drug from the body. 

Information for Patients: Patients receiving injectable radiopaque diagnostic 

agents should be instructed to: 

1. Inform your physician if you are pregnant. 

2. Inform your physician if you are diabetic or if you have multiple myeloma, 
pheochromocytoma, homozygous sickle cell disease or known thyroid 
disorder (see WARNINGS). 

3. Inform your physician if you are allergic to any drugs, food, or if you had any 
reactions to previous injections of dyes used for x-ray procedures. 

4. Inform your physician about any other medications you are currently taking, 
including nonprescription drugs, before you are administered this drug. 

Drug/Laboratory Test Interaction: |f iodine containing isotopes are to be 

administered for the diagnosis of thyroid disease, the iodine-binding capacity of 

thyroid tissue may be reduced for up to two weeks after contrast medium 
administration. Thyroid function tests which do not depend on iodine estimation, 
eg, T, resin uptake or direct thyroxin assays, are not affected. 

Drug Interactions: Drugs which lower the seizure threshold—especially phe- 

nothiazine derivatives including those used for their antihistaminic or antinause- 

ant properties—are not recommended for use with OMNIPAQUE. Others 
include monoamine oxidase (MAO) inhibitors, tricyclic antidepressants, CNS 
stimulants, and psychoactive drugs described as analeptics, major tran- 
quilizers, or antipsychotic drugs. Such medications should be discontinued at 
least 48 hours before myelography, should not be used for the control of nausea 
or vomiting during or after myelography, and should not be resumed for at least 

24 hours postprocedure. In nonelective procedures in patients on these drugs, 

consider prophylactic use of anticonvulsants. 

_ Carcinogenesis, Mutagenesis, Impairment of Fertility: No long-term animal 

studies have been performed to evaluate the potential of iohexol in these areas. 

Pregnancy Category B: Reproduction studies have been performed in rats and 

rabbits with up to 100 times the recommended human dose. No evidence has 

been established of impaired fertility or harm to the fetus due to OMNIPAQUE, 
there are, however, no studies in pregnant women. Because animal reproduction 
studies are not always predictive of human response, this drug should be used 

- during pregnancy only if clearly indicated. 

Nursing Mothers: Caution should be exercised when OMNIPAQUE is admin- 

istered to a nursing woman, it is not known to what extent iohexol is excreted in 

human milk. 

Pediatric Use: Safety and effectiveness in children have not been established. 


ADVERSE REACTIONS: 

Intrathecal: Adverse reactions to the intrathecal use of OMNIPAQUE in general 

have been mild to moderate in degree, and of short duration. The incidence of 

_ these occurrences, based on clinical trials of 1,531 patients, is as follows: 
Headaches: The most frequently occurring adverse reaction following myelog- 

raphy with OMNIPAQUE has been headache, with an incidence of approxi- 

mately 18%. Headache may be caused either as a direct effect of the contrast 

medium or by CSF leakage at the dural puncture site. However, in managing the 

patient, it is considered more important to minimize intracranial entry of contrast 


medium by postural management than to attempt to contro! possible CSF leakage. 


Pain: Mild to moderate pain including backache, neckache and stiffness, and 
neuralgia occurred following injection with an incidence of about 8%. 

Nausea and Vomiting: Nausea was reported with an incidence of about 6%, 
and vomiting of about 3% (see PATIENT MANAGEMENT). Maintaining normal 
hydration is very important. The use of phenothiazine antinauseants is not 
recommended. Reassuring the patient that the nausea will clear is usually all 
that is required. 

Dizziness: Transient dizziness was reported in about 2% of the patients. 

Other Reactions: Other reactions, occurring with an individual incidence of 
less than 0.1%, included feeling of heaviness, hypotension, hypertonia, sensa- 
tion of heat, sweating, vertigo, and loss of appetite. All were transient and mild, 
with no clinical sequelae. 

General Adverse Reactions to Contrast Media: Physicians should remain alert 
for the occurrence of adverse effects in addition to those discussed above, 
particularly those already reported in the literature for other nonionic, water- 
soluble myelographic contrast media. These have included but are not limited to 
aseptic and bacterial meningitis, and CNS and other neurologic disturbances. 
Intravascular: Adverse reactions to the intravascular use of OMNIPAQUE have 
usually been of mild to moderate severity. However, serious, life-threatening and 
fatal reactions, mostly of cardiovascular origin, have been associated with the 
administration of iodine-containing contrast media, including OMNIPAQUE. The 
injection of contrast media is frequently associated with the sensation of warmth 
and pain, especially in peripheral angiography; pain and warmth are less 
frequent and less severe with OMNIPAQUE than with many ionic media, but 
lower osmolality media are similar in this respect. The incidence of these 
occurrences in clinical trials is as follows: 

Cardiovascular System: Arrhythmias including PVCs and PACs (3%), an- 
gina/chest pain (2%), and hypotension (1%). Others including cardiac failure, 
asystole, bradycardia, tachycardia, and vasovagal reaction were reported with 
an individual incidence of less than 0.8%. In controlled clinical studies involving 
900 patients, one fatality occurred. A cause and effect relationship between this 
death and iohexol has not been established. 

Nervous System: Pain (6%), photomas (3%), headache (2%), and metallic 
taste (0.8%). Others including anxiety, blurred vision, dizziness, fever, motor and 
speech dysfunction, convulsion, light-headedness, paresthesia, somnolence, 
vertigo, stiff neck, hemiparesis, and nystagmus were reported, with an individu- 
al incidence of less than 0.3%. 

Respiratory System: Dyspnea, laryngitis, and throat irritation, with an individu- 
al incidence of 0.1%. 

Gastrointestinal System: Nausea (2%) and vomiting (0.5%). Others including 
ay ng dyspepsia, and dry mouth were reported, with an individual incidence 
of 0.1%. 

Skin and Appendages: Urticaria (0.3%) and purpura (0.1%). 

Individual adverse reactions which occurred to a significantly greater extent 
for a specific procedure are listed under that indication. 
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General Adverse Reactions to Contrast Media: Physicians should remain alert 
for the occurrence of adverse effects in addition to those discussed above. The 
following reactions have been reported after administration of other intravascular 
iodinated contrast media. Reactions due to technique: hematomas and ecchy- 
moses. Hemodynamic reactions: vein cramp and thrombophlebitis following 
intravenous injection. Cardiovascular reactions: rare cases of cardiac arrhyth- 
mias, reflex tachycardia, chest pain, cyanosis, hypertension, hypotension, 
peripheral vasodilatation, shock, and cardiac arrest. Renal reactions. occasion- 
ally, transient proteinuria, and rarely, oliguria or anuria. Allergic reactions 
Asthmatic attacks, nasal and conjunctival symptoms, derma! reactions such as 
urticaria with or without pruritus, as well as pleomorphic rashes, sneezing and 
lacrimation and, rarely, anaphylactic reactions. Rare fatalities have occurred, 
due to this or unknown causes. Signs and symptoms related to the respiratory 
system: pulmonary or laryngeal edema, bronchospasm, dyspnea, or to the 
nervous system: restlessness, tremors, convulsions. Other reactions: flushing 
pain, warmth, metallic taste, nausea, vomiting, anxiety, headache, confusion, 
pallor, weakness, sweating, localized areas of edema, especially facial cramps 
neutropenia, and dizziness. Rarely, immediate or delayed rigors can occur, 
sometimes accompanied by hyperpyrexia. Infrequently, “iodism” (salivary gland 
swelling) from organic iodinated compounds appears two days after exposure 
and subsides by the sixth day. 

CONSULT PACKAGE INSERT FOR A MORE DETAILED DISCUSSION OF 
ADVERSE REACTIONS to both intrathecal and intravascular use of 
OMNIPAQUE. 

DOSAGE AND ADMINISTRATION: CONSULT FULL PACKAGE INSERT 
BEFORE USE. Details on dose, concentration, and administration are provided 
for each of the indicated procedures. 

HOW SUPPLIED: OMNIPAQUE is available in the following packaging and 
concentrations, requiring no dilutions or reconstitution: 

Vials of 10 mL, 180 mglI/mL, boxes of 10 (NDC 0024-1411-10) 

Vials of 20 mL, 180 mgl/mL, boxes of 10 (NDC 0024-1411-20) 

Vials of 10 mL, 240 mgI/mL, boxes of 10 (NDC 0024-1412-10) 

Vials of 100 mL, 240 mgl/mL, boxes of 5 (NDC 0024-1412-15) 

Bottles of 200 mL, 240 mgl/mL, boxes of 5 (NDC 0024-1412-25) 

Vials of 10 mL, 300 mgl/mL, boxes of 10 (NDC 0024-1413-10) 

Vials of 30 mL, 300 mgl/mL, boxes of 10 (NDC 0024-1413-30) 

Vials of 50 mL, 300 mgI/mL, boxes of 10 (NDC 0024-1413-50) 

Vials of 100 mL, 300 mgI/mL, boxes of 5 (NDC 0024-1413-15) 

Vials of 50 mL, 350 mgI/mL, boxes of 10 (NDC 0024-1414-50) 

Vials of 100 mL, 350 mgI/mL, boxes of 5 (NDC 0024-1414-15) 

Bottles of 200 mL, 350 mgI/mL, boxes of 5 (NDC 0024-1414-25) 
MYELO-KIT™ containing: One vial of 10 mL, 180 mgl/mL, and one sterile 
myelogram tray, boxes of 5 (NDC 0024-1411-05) 

MYELO-KIT containing: One vial of 20 mL, 180 mgI/mL, and one sterile 
myelogram tray, boxes of 5 (NDC 0024-1411-51) 

MYELO-KIT containing: One vial of 10 mL, 240 mg/mL, and one sterile 
myelogram tray, boxes of 5 (NDC 0024-1412-05) 
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- The Star family of nuclear imaging products 
takes you into the future...no matter where 


| 


The best way to a bright future 
for your nuclear imaging depart- 
ment is to choose equipment that 
can grow with you. At your pace. 
In the direction you choose. 


> The Star family of nuclear 
= imaging products from General 


Electric gives you that versatility 
with advanced technology that 
easily upgrades as your needs 
change. These systems not only 
work with each other to increase 
your nuclear imaging and 
processing capabilities, they work 
with other manufacturers’ systems 
as well. 


Meet our family 


STARPORT 


Ideal for data 
acquisition 
and display. 
This digital 
gamma camera system 
can be the cornerstone of a 
nuclear department because, as 
requirements grow, the Starport™ 
system can evolve to meet them. 










youre growing 
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STARCAM gag 
Thebestofall ~~ 





acquisition, 
processing ES, 
anddisplayin Mee "=== } 


an integrated system that performs 
the most demanding nuclear 
procedures with ease. With its 
modular digital design, the 
Starcam™ system keeps pace with 
your growth and with emerging 
technology. 


STAR II 


Powerful 
processing 

in a small 
system that’s 
compatible 
with virtually 





w—V€, et 
all nuclear imaging equipment. 
The Star II™ system extends your 
processing capabilities without 
making your existing systems 
obsolete. 


GENERAL @@ ELECTRIC 


STARVIEW 


Additional 
efficiency from 
a system that 





processing and | 
display functions. Starview™ saves 
time for physicians and technologists 
alike in a busy nuclear department. 


STARLINK 


The technology that brings the Star 
family together. With the future 
Starlink™ network, you will be able 
to easily access data from any on- 
line nuclear system, at any station. 


STARGATE 


Your passport to the multi-modality 
imaging of the future. Stargate” 
will link your nuclear department 
with other imaging modalities, 

and bring the complete diagnostic 
picture to you at a single console. 


Look into the future of nuclear 
imaging . . . discover the Star family 
of products from GE. And find out 
about the special financing pack- 
ages available for a limited time. Call 
toll free 1-800-433-5566. 
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When it comes to 





Medical Imaging... 
We work harder 





©1986 Konica Medical Corp. 


People Serving People. 


Part of an International 
Fortune 500 Company with 
over $1 billion in sales, Konica 
has an important resource no 
other company can claim. Our 
people! Konica people! And 


serving you is what we do best. 


Because having the best 
value in medical imaging 
products alone isn't enough. 
You also need the best value 
in service and support. Konica 
people. We work harder 

for you. 


Nationwide Service 
And Support By 
Dedicated Professionals 


Our imaging specialists and 
technical representatives are 
dedicated professionals. They 


stand behind every box of film. 


Through Radiology Support 
programs and National 
Accounts Programs for Mate- 
rials Management, they give 
you the right support for your 
specific medical imaging 
needs. Helping you get the 
most out of your radiology 
departments is what we're all 
about. We're Konica. And we 
work harder for you. 


Technology & Products For 
State-Of-The-Art Imaging. 


Konica continues creating 

and exploring today’s technol- 
ogies to meet your future 
medical needs. And we're 
meeting your present needs 
with sophisticated technologies 
in electronic imaging, auto- 
matic film processing, digital 
radiography systems and the 
latest breakthrough in imaging 
film, new High Ortho Mono- 
Dispersed Grain Technology. 
At Konica, we never stop work- 
ing on new ideas for better 
imaging products. And we 
never will. We're Konica. We 
work harder for you. 


Konica...The Image Of Perfection, Since 1873. 


Konica Medical Corporation, 411 Newark Pompton Turnpike, Wayne, New Jersey 07470 (201) 633-1500 
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f High frequency technology. Without question one of the most 
had efficient and practical advances in X-ray generator perfor- 
\ mance since solid state circuitry. Today, only Siemens generato! 
systems offer high frequency technique for every application as 
; a standard feature...because high performance should not 


be an option. 


<== 


Step up to high performance— 
with high frequency 


High frequency technique improves generator performance by 
maintaining tolerances closer to the desired exposure factors— 
particularly the kV setting. This extra performance is crucial 
with the characteristically short exposure times of today’s fast 
film screen combinations and digital imaging systems. 








Another advantage—high frequency technique drastically 
reduces transformer size, so that our compact generators 
require less space and are easier to install. 


State-of-the-art technology for state-of-the-times efficiency 
Because high frequency generator systems minimize image-to- 
image variances, they effectively reduce costly retakes. And, 
depending on the model, they can help you make more effi- 
cient use of your time and staff with state-of-the-art features, 
including: microprocessor control; time-sharing utilization; 
sensor-touch selection; anatomic programming and self 
diagnostic circuitry. 


High frequency generators for every application 

From experience gained in over 4,000 installations, Siemens 
offers you a complete choice of proven high frequency gen- 
erators. Our POLYPHOS® and POLYDOROS® systems provide 
a broad output range—from 30 KW/500mA to 100kW/1250mA. 
Each model offers features specific to your diagnostic needs 
and applications. Whatever your requirements, there is a state 
of-the-art Siemens generator to assure consistent, high quality 
results. 


High frequency /s state-of-the-art, because high performance Is 
the state of the times. 


For more information, contact: 


Siemens Medical In Canada: 

Systems, Inc. Siemens Electric Ltd 

186 Wood Avenue South eeu $ T 
Iselin, NJ 08830 SOA Onla 


(201) 321-4500 
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Siemens... 
technology with integrity. 
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Because you care because you Cale 


about patient comfort, about diagnostic Quality... 
tolerance, safety and 


vou want the low-osmolality contrast agent 


; oe | that has proved itself time and time agai 
well-being... you ee ee lat has proved itself time and time again. 
ag ant known for: " Hexabrix—the low-osmolality ionic contrast 


medium—has been the agent of choice in over 


= Reduced pain 5,000,000 procedures worldwide. 


= Reduced heat = Hexabrix has an osmolality lower than other cur- 
rently available water-soluble contrast agents with 


" Minimum patient movement comparable iodine concentrations— including 


=" Better patient compliance and jopamidol and iohexol. 
cooperation = Hexabrix helps provide high-quality studies with 
o ‘ enhanced patient comfort and fewer procedural 
= Completing the procedure with problems. 
fewer retakes = A recent multi-center U.S. study (893 patients) sup- 
= Visualization comparable to ports the efficacy and patient tolerance of Hexabrix: 
conventional ionic media —95% of patients studied showed good-to-excellent 
; visualization...and 
n Improved neph rotoxic’’ and —96% of patients exhibited good-to-excellent 
cardiovascular” profiles versus toleration in angiographic procedures’ 
conventional ionic contrast media ‘Data on ile at Malline kro 





loxaglate Sodium19.6% Injection 
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Because you care 


about clinical experience... 


you want a proven contrast ¥ that 
has passed the test of clinical scrutiny. 


Study after study shows that Hexabrix delivers quality 
diagnostic images with reduced pain, reduced heat and 
greater patient comfort, °° 


Now...expanded clinical indications to 
meet procedural requirements for: 
# Peripheral Arteriography, including percutaneous 
transluminal angioplasty 


= Selective Visceral Arteriography, including 
percutaneous transluminal angioplasty 

= Cerebral Angiography 

= Selective Coronary Arteriography (with or with- 
out left ventriculography, including percutaneous 
transluminal coronary angioplasty) 

= Pediatric Angiocardiography 

= Aortography 

= Intra-arterial Digital Subtraction Angiography 

= Intravenous Digital Subtraction Angiography 

= Peripheral Venography 

= Excretory Urography 

= Contrast Enhancement of Computed Tomo- 
graphic Head Imaging and Body Imaging 

a Arthrography 


= Hysterosalpingography h 
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Because you carc 
about your patients... 
and the professionals 


you work with... 
you want the advantages of 


HEXABRIX" 


= Reduced pain...reduced heat. Patients 
appreciate that. 


= Better patient cooperation and compliance 
throughout the procedure. Nurses and technolo- 
gists appreciate that. 


= Hexabrix helps you maintain a smooth-running 
schedule...cuts costly (and annoying) retakes... 
helps reinforce patient confidence. Everyone 
appreciates that. 


nIEXABRUX _ 


For greater convenience 
and cost-efficiency, 
Hexabrix is available 
in a wide range 
of package sizes 
to fit procedural 
needs and 
minimize waste. 
















nIEXABRUIDK ia Meglumine 39.3% and loxaglate Sodium 19.6% Injection) 


HEXABRIX" 


Each milliliter of HEXABRIX contains 393 mg of ioxaglate meglumine, 


196 mg of ioxaglate sodium and 0.10 mg edetate calcium disodium as a 
stabilizer. The solution contains 3.48 mg (0.15 mEq) sodium in each 
milliliter and provides 32% (320 mg/mL) organically bound iodine. 


CONTRAINDICATIONS 


HEXABRIX is contraindicated for use in myelography. Refer to PRECAU- 


TIONS concerning hypersensitivity. Hysterosalpingography should not 
be performed during the menstrual period; in pregnant patients; in 
patients with known infection in any portion of the genital tract; or in 
patients in whom cervical conization or curettage has been performed 
within 30 days. Arthrography should not be performed if infection is 
present in or near the joint. 


WARNINGS 
Serious or fatal reactions have been associated with the administration 
of iodine containing radiopaque media. It is of utmost importance to be 
completely prepared to treat any contrast medium reaction. 
As with any contrast medium, serious neurologic sequelae, including 


permanent paralysis, can occur following cerebral arteriography, selec- 


tive spinal arteriography and arteriography of vessels supplying the 
spinal cord. The injection of a contrast medium should never be made 


following the administration of vasopressors, since they strongly potenti- 


ate neurologic effects, 

In patients with subarachnoid hemorrhage, a rare association between 
contrast administration and clinical deterioration, including convulsions 
and death, has been reported. Therefore, administration of intravascular 
iodinated contrast media in these patients should be undertaken 
with caution. 

A definite risk exists in the use of intravascular contrast agents in 
patients who are known to have multiple myeloma. \n such instances 
anuria has developed, resulting in progressive uremia, renal failure and 
eventually death. Although neither the contrast agent nor dehydration 
has separately proved to be the cause of anuria in myeloma, it has been 
speculated that the combination of both may be a causative factor. The 
risk in myelomatous patients ıs not a contraindication to the procedure; 
however, partial dehydration in the preparation of these patients for the 


examination is not recommended since this may predispose to precipi- 


tation of myeloma protein in the renal tubules. No form of therapy, 
including dialysis, has been successful in reversing the effect. Myeloma, 
which occurs most commonly in persons over 40, should be considered 
before instituting intravascular administration of contrast agents. 


Adminstration of radiopaque materials to patients known or sus- 


pected to have pheochromocytoma should be pertormed with extreme 
caution. If, in the opinion of the physician, the possible benefits of such 
procedures outweigh the considered risks, the procedures may be 
performed; however, the amount of radiopaque medium injected should 
be kept to an absolute minimum. The blood pressure should be assessed 
throughout the procedure, and measures tor treatment of a hypertensive 
crisis should be available. 

Since intravascular administration of contrast media may promote 
sickling in individuals who are homozygous for sickle cell disease, fluid 
restriction is not advised 

In patients with advanced renal disease, iodinated contrast media 
should be used with caution and only when the need for the examination 
dictates, since excretion of the medium may be impaired. Patients with 
combined renal and hepatic disease, those with severe hypertension or 
congestive heart failure and recent renal transplant recipients present 
an additional risk. 

Renal failure has been reported in patients with liver dysfunction who 


were given an oral cholecystographic agent followed by an intravascu- 


lar iodinated radiopaque agent and also in patients with occult renal 
disease, notably diabetics and hypertensives. In these classes of patients 
there should be no fluid restriction and every attempt made to maintain 
normal hydration prior to contrast medium injection, since dehydration 
is the single most important factor influencing further renal impairment. 

Caution should be exercised in performing contrast medium studies 
in patients with endotoxemia and/or those with elevated body temperatures. 

Reports of thyroid storm occurring following the intravascular use 
of iodinated radiopaque agents in patients with hyperthyroidism or with 
an autonomously functioning thyroid nodule, suggest that this additional 
risk be evaluated before use of this drug. lodine-containing contrast 
agents may alter the results of thyroid function tests which depend on 
iodine estimation, e.g., PBI, and may also affect results of radioactive 
iodine uptake studies. Such tests, if indicated, should be performed prior 
to the administration of this preparation. 


PRECAUTIONS 
Diagnostic procedures which involve the use of iodinated intravascular 
contrast agents should be carried out under the direction of personne! 
skilled and experienced in the particular procedure to be performed. All 
procedures utilizing contrast media carry a definite risk of producing 
adverse reactions. While most reactions are minor, life-threatening and 
fatal reactions may occur without warning, and this risk must be 


weighed against the benefit of the procedure. A fully equipped emer- 
gency cart, or equivalent supplies and equipment, and personnel com- 


petent in recognizing and treating adverse reactions of all types should 
always be available. If a serious reaction should occur, immediately 
discontinue administration. Since severe delayed reactions have been 
known to occur, emergency facilities and competent personne! should 
be available for at least 30 to 60 minutes after administration. (See 


REFERENCES 


1. Nilsson PE, Aspelin P et al: Toler- 
ance and biochemical effects from 

intravenous injection of ioxaglate in 

healthy volunteers. Acta Radiol 

(Diagn) 25(6)523-528, 1984. 

2. Dawson P: Contrast agent neph- 
rotoxicity. An appraisal. BR J Radiol 
58:121-124, 1985. 

3. Nilsson PE, Holtas SL, Tejler LT: 

Subjective responses and u A 
uria induced by ioxaglate during 

renal angiography in man. Radiol- 
ogy 144:509-512, 1982. 

4. Svenson RH: Comparison of the 

hemodynamic effects of Hexabrix 

and Renografin 76 following left ven- 
triculography and coronary arteri- 
ography. Invest Radiol 19(Supp 

6):S333-$334, 1984. 


© Mallinckrodt, Inc. 1987 





ADVERSE REACTIONS.) 
Preparatory dehydration is dangerous and may contribute to acute 


renal failure in infants, young children, the elderly, patients wtih pre- 


existing renal insufficiency, patients with multiple myeloma, patients 
with advanced vascular disease and diabetic patients. 


Acute renal failure has been reported in diabetic patients with dia- 


betic nephropathy and in susceptible non-diabetic patients (often elderly 
with pre-existing renal disease) following the administration of iodinated 
contrast agents. Therefore, careful consideration of the potential risks 
should be given before performing this radiographic procedure in these 
patients. 


Severe reactions to contrast media often resemble allergic responses. 
This has prompted the use of several provocative pretesting methods, 


none of which can be relied on to predict severe reactions. No conclusive 
relationship between severe reactions and antigen-antibody reactions or 
other manifestations of allergy has been established. The passibility of 
an idiosyncratic reaction in patients who have previously received a 
contrast medium without ill effect should always be considered. Prior to 
the injection of any contrast medium, the patient should be questioned 


to obtain a medical history with emphasis on allergy and hypersensitiv- 


ity. A positive history of bronchial asthma or allergy (including food), a 
family history of allergy, or a previous reaction or hypersensitivity to a 
contrast agent may imply a greater than usual risk. Such a history may 


be more accurate than pre-testing in predicting the potential for reac- 


tion, although not necessarily the severity or type of reaction in the 
individual case. A positive history of this type does not arbitrarily 
contraindicate the use of a contrast agent when a diagnostic procedure 
is thought essential, but does call for caution. (See ADVERSE 
REACTIONS.) 

Prophylactic therapy including corticosteroids and antihistamines 
should be considered for patients who present with a strong allergic 
history, a previous reaction to a contrast medium, or a positive pre-test 
since in these patients the incidence of reaction is two to three times that 
of the general population. Adequate doses of corticosteroids should be 
started early enough prior to contrast medium injection to be effective 
and should continue through the time of injection and for 24 hours after 
injection. Antihistamines should be administered within 30 minutes of 


the contrast medium injection. Recent reports indicate that such pre- 


treatment does not prevent serious life-threatening reactions, but may 
reduce both their incidence and severity. A separate syringe should be 
used for these injections. 

General anesthesia may be indicated in the performance of some 
procedures in selected patients; however, a higher incidence of adverse 
reactions has been reported in these patients, and may be attributable 
to the inability of the patient to identity untoward symptoms or to the 
hypotensive effect of anesthesia which can prolong the circulation time 
and increase the duration of contact of the contrast agent. 

Angiography should be avoided whenever possible in patients with 
homocystinuria because of the risk of inducing thrombosis and embolism. 


PRECAUTIONS FOR 


SPECIFIC PROCEDURES 

Pediatric Angiocardiography: \t is advisable to monitor for ECG and 
vital signs changes throughout the procedure. 

When large individual doses are administered, sufficient time should 
be allowed for any observed changes to return to or near baseline prior 
to making the next injection. 

Caution should be used when making right heart injections in patients 
with pulmonary hypertension or incipient heart failure, since this may 
lead to increased right side pressures with subsequent bradycardia 
and systemic hypotension. Patients with pulmonary disease present 
additional risks. 


Caution is advised in cyanotic infants since apnea, bradycardia, 


other arrhythmias and a tendency to acidosis are more likely to occur, 

Since infants are more likely to respond with convulsions than are 
adults, the amount of total dosage is of particular importance. Repeated 
injections are hazardous in infants weighing less than 7 kg, particularly 
when these infants have pre-existing compromised right heart function 
or obliterated pulmonary vascular beds. 


Selective Coronary Arteriography with or without left ventriculo- 
graphy: During the administration of large doses of HEXABRIX, continu- 


ous Monitoring of vital signs is desirable. Caution is advised in the 
administration of large volumes to patients with incipient heart failure 


because of the possibility of aggravating the pre-existing condition, 


Hypotension should be corrected promptly since it may result in serious 
arrhythmias. 

Special care regarding dosage should be observed in patients with 
right ventricular failure, pulmonary hypertension, or stenotic pulmonary 
vascular beds because of hemodynamic changes which may occur 
after injection into the right heart outflow tract 

Peripheral Arteriography. Moderate decreases in blood pressure 
occur frequently with intra-arterial (brachial) injections. This change is 
usually transient and requires no treatment; however, the blood pressure 
Should be monitored for approximately ten minutes following injection. 

Extreme caution during injection of the contrast agent is necessary to 
avoid extravasation and fluoroscopy is recommended. This is especially 
important in patients with severe arterial disease 

Cerebral Angiography: Cerebral angiography should be performed 
with special caution in patients with advanced arteriosclerosis, severe 


hypertension, cardiac decompensation, senility, recent cerebral throm- 


bosis or embolism, and migraine. 
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Intra-Artenal Digital Subtraction Angiography: The risks associated 
with IA-DSA are those usually attendant with catheter procedures. 
Following the procedure, gentle pressure hemostasis is required, fol- 
lowed by observation and immobilization of the limb for several hours to 
prevent hemorrhage from the site of arterial puncture. 

Patient motion, including respiration and swallowing, can result in 
misregistration leading to image degradation and non-diagnostic studies. 

Intravenous Digital Subtraction Angiography: The risks associated 
with IV-DSA include those usually attendant with catheter procedures 
and include intramural injections, vessel dissection and tissue extrava- 
sation. The potential risk is reduced when small test injections of 
contrast medium are made under fluoroscopic observation to insure that 
the catheter tip is properly positioned and, in the case of peripheral 
placement, that the vein is of adequate size. 

Patient motion, including respiration and swallowing, can result in 
misregistration leading to image degradation and non-diagnostic studies. 

Peripheral Venography: Special care is required when venography is 
performed in patients with suspected thrombosis, phlebitis, severe 
ischemic disease, local infection or a totally obstructed venous system. 

Extreme caution during injection of contrast media is necessary to 
avoid extravasation and fluoroscopy is recommended. This is especially 
important in patients with severe arterial or venous disease. 

Excretory Urography: Infants and small children should not have any 
fluid restrictions prior to excretory urography. (See WARNINGS and 
PRECAUTIONS concerning preparatory dehydration, ) 

Contrast Enhancement in Body Computed Tomography: Patient coop- 
eration ts essential since patient motion, including respiration, can mark- 
edly affect image quality. The use of an intravascular contrast medium 
can obscure tumors in patients undergoing CT evaluation of the liver, 
resulting in a false negative diagnosis. Dynamic CT scanning is the 
procedure of choice for malignant tumor enhancement. 

Arthrography: Strict aseptic technique is required to prevent the 
introduction of infection, Fluoroscopic control should be used to insure 
proper introduction of the needle into the synovial space and prevent 
extracapsular injection. Aspiration of excessive synovial fluid will reduce 
the pain on injection and prevent the dilution of the contrast agent. It is 
important that undue pressure not be exerted during the injection. 

Hysterosalpingography: Caution should be exercised in patients sus- 
pected of having cervical or tubal carcinoma to avoid possible spread of 
the lesion by the procedure. Delayed onset of pain and fever (1-2 days) 
may be indicative of pelvic infection. 

Carcinogenesis, Mutagenesis, Impairment of Fertility: No long-term 
animal studies have been performed to evaluate carcinogenic potential. 
However, animal studies suggest that this drug is not mutagenic and 
does not affect fertility in males or females. 

Pregnancy Category B: Reproduction studies have been performed in 
fats and rabbits at doses up to two times the maximum adult human 
dose and have revealed no evidence of impaired fertility or harm to the 


fetus due to HEXABRIX. There are, however, no adequate and well- 


controlled studies in pregnant women. Because animal reproduction 
Studies are not always predictive of human response, this drug should 
be used during pregnancy only if clearly needed. 

Nursing Mothers: loxaglate salts are excreted unchanged in human 
milk. Because of the potential for adverse effects in nursing infants, 
bottle feedings should be substituted for breast feedings for 24 hours 
following the administration of this drug. 

Pediatric Use: Safety and effectiveness in children has been estab- 
lished in pediatric angiocardiography and intravenous excretory urogra- 
phy. Data have not been submitted to support the safety and effectiveness 
of HEXABRIX in any other indication 

(Precautions for specific procedures receive comment under that 
procedure.) 


ADVERSE REACTIONS 
Adverse reactions to injectable contrast media fall into two categories: 
chemotoxic reactions and idiosyncratic reactions. 

Chemotoxic reactions result from the physiochemical properties of 
the contrast media, the dose and the speed of injection. All hemody- 
namic disturbances and injuries to organs or vessels perfused by the 
contrast medium are included in this category. 

Idiosyncratic reactions include all other reactions, They occur more 
frequently in patients 20 to 40 years old. Idiosyncratic reactions may or 
may not be dependent on the dose injected, the speed of injection, the 
mode of injection and the radiographic procedure. Idiosyncratic reac- 
tions are subdivided into minor, intermediate and severe. The minor 
reactions are self-limited and of short duration; the severe reactions are 
life-threatening and treatment is urgent and mandatory 

NOTE: Not all of the following adverse reactions have been reported 
with HEXABRIX. Because HEXABRIX ıs an iodinated intravascular con- 
trast agent, all of the side effects and toxicity associated with agents of 
this class are theoretically possible, and this should be borne in mind 
when HEXABRIX is administered. 

Severe, life-threatening anaphylactoid reactions, mostly of cardio- 
vascular ongin, have occurred following the administration of HEXA- 
BRIX as well as other iodine-containing contrast agents. Most deaths 
occur during injection or 5 to 10 minutes later; the main feature being 
cardiac arrest with cardiovascular disease as the main aggravating 
factor. Isolated reports of hypotensive collapse and shock are found in 
the literature. Based upon clinical literature, reported deaths trom the 
administration of conventional iodinated contrast agents range from 6.6 
per 1 million (0.00066 percent) to 11n 10,000 patients (0.01 percent). 
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Regardless of the contrast agent employed, the overall estimated 
incidence of serious adverse reactions is higher with coronary arterio- 
graphy than with other procedures. Cardiac decompensation, serious 
arrhythmias, or myocardial ischemia or infarction may occur during 
coronary arteriography and left ventriculography, 

The most frequent adverse reactions are nausea, vomiting, facial 
flush and a feeling of body warmth. These are usually of brief duration 
In double-blind clinical trials, HEXABRIX produced less discomtort upon 
injection (pain and heat) when compared to various other contrast 
agents. Other reactions include the following: 

Hypersensitivity reactions. Dermal manifestations of urticaria with or 
without pruritus, erythema and maculopapular rash. Dry mouth. Sweat- 
ing. Conjunctival symptoms. Facial, peripheral and angioneurotic edema. 
Symptoms related to the respiratory system include sneezing, nasal 
Stuffiness, coughing, choking, dyspnea, chest tightness and wheezing, 
which may be initial manifestations of more severe and infrequent 
reactions including asthmatic attack, laryngospasm and bronchospasm 
with or without edema, pulmonary edema, apnea and cyanosis. Rarely, 
these allergic-type reactions can progress into anaphylaxis with loss of 
Consciousness, coma, severe cardiovascular disturbances, and death. 

Cardiovascular reactions: Generalized vasodilation, flushing and ven- 
ospasm. Occasionally thrombosis or, rarely, thrombophlebitis. Extremely 
rare Cases of disseminated intravascular coagulation resulting in death 
have been reported. Severe cardiovascular responses include rare cases 
of hypotensive shock, coronary insufficiency, cardiac arrhythmia, fibril- 
lation and arrest. These severe reactions are usually reversible with 
prompt and appropriate management, however, fatalities have occurred. 

Techmque reactions’ Extravasation with burning pain, hematomas, 
ecchymosis and tissue necrosis, vascular constriction due to injection 
rate, thrombosis and thrombophlebitis. 

Neurological reactions: Spasm, convulsions, aphasia, syncope, pare- 
sis, Paralysis resulting from spinal cord injury and pathology associated 
with the syndrome of transverse myelitis, visual field losses which are 
usually transient buy may be permanent, coma and death. 

Other reactions’ Headache, trembling, shaking, chills without fever, 
hyperthermia and lightheadedness. Temporary renal shutdown or other 
nephropathy. 

Pediatric angiocardiography has been complicated by intramural 
injection with marked adverse effects on cardiac function. 

During selective coronary artenography with or without left ventricu- 
lography, patients may have clinically insignificant ECG changes. The 
following adverse effects have occurred in conjunction with the admin- 
(stration of iodinated intravascular contrast agents for this procedure 
hypotension, shock, anginal pain, myocardial infarction, cardiac arrhyth- 
mias (bradycardia, ventricular tachycardia, ventricular fibrillation) and 
cardiac arrest. Fatalities have been reported. Complications to the 
procedure include dissection of coronary arteries, dislodgement of ath- 
eromatous plaques, perforation, hemorrhage and thrombosis. 

Following peripheral arteriography, hemorrhage and thrombosis have 
occurred at the puncture site of the percutaneous injection, Brachial 
plexus injury has been reported following axillary artery injection. 

The major causes of cerebral arteriographic adverse reactions appear 
to be repeated injections of the contrast material, administration of 
doses higher than those recommended, the presence of occlusive ath- 
erosclerotic vascular disease and the method and technique of injection 
Adverse reactions are normally mild and transient. A feeling of warmth 
in the face and neck is frequently experienced. infrequently, a more 
severe burning discomfort is observed. Transient visual hallucinations 
have been reported. Serious neurological reactions that have been 
associated with cerebral angiography and not listed under Adverse 
Reactions include stroke, amnesia and respiratory difficulties. Visual 
field defects with anopsia and reversible neurological deficit lasting from 
24 hours to 48 hours have been reported. Confusion, disorientation with 
hallucination, and absence of vision sometimes lasting for one week 
have also been reported. Cardiovascular reactions that may occur with 
some frequency are bradycardia and either an increase or decrease in 
systemic blood pressure. The blood pressure change is transient and 
usually requires no treatment. Arthrography may induce joint pain or 
discomfort which is usually mild and transient but occasionally may be 
severe and persist for 24 to 48 hours following the procedure. Effusion 
requiring aspiration may occur in patients with rheumatoid arthritis 
Fever and pain, cramping and tenderness of the abdomen have been 
reported following hysterosalpingoaraphy. 


OVERDOSAGE 


Overdosages may occur. The adverse effects of overdosage are life- 
threatening and affect mainly the pulmonary and cardiovascular sys- 
tems. The symptoms may include cyanosis, bradycardia, acidosis, 
pulmonary hemorrhage, convulsions, coma and cardiac arrest Treat- 
ment of an overdose is directed toward the support of all vital functions 
and prompt institution of symptomatic therapy. 

loxaglate salts are dialyzable 

The intravenous LDso values of HEXABRIX (in grams of iodine! 
kilogram body weight) were 11.2 g/kg in mice, >8 g/kg in rats. >6.4 
g/kg in rabbits and >10.2 g/kg in dogs 


DOSAGE AND ADMINISTRATION 


Details on dosage are provided in the package insert. CONSULT FULL 
PACKAGE INSERT BEFORE USE 
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Patient: 39-year-old male. Five days post excision 
of meningioma. 

Diagnosis: Deep vein thrombosis with evidence of 
major vein involvement. 

Considerations: Patient cannot be treated with anticoag- 
ulants due to recent intracranial surgery. 
Patient is at risk of pulmonary embolism. 


Treatment Percutaneous transvenous placement of a 

Selected: Greenfield® Vena Cava Filter under local 
anesthesia. This unique Medi-tech product 
affords definitive and permanent protec- 
tion against pulmonary embolism, while 
avoiding the risks associated with alter- 
native treatments. It combines advanced 
technology with strict clinical standards 
of quality and reliability. 
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Medi-tech, Incorporated 
480 Pleasant Street 
P.O. Box 7407 
Watertown, Massachusetts 02272 
(617) 923-1720 Telex 922-453 


Ordering Information (800) 225-3238 
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YOU KNOW ALL ABOUT IMAGING NEGATIVES. 


c 1986 Raytheon Medical Systems 





NOW, RAYTHEON OFFERS YOU SOME POSITIVES. 


Take heart. Those imaging nega- 
tives you face every day may not 


be as overwhelming as they seem. 


Dwindling budgets. Escalating 
costs. Runaway technology. 

Problems, all. Negatives, all. Yet 
there is a way to cope. There is a 
way to convert those imaging 
negatives into positives. 

Raytheon Medical Systems! 

You demand quality imaging 
systems! Raytheon delivers. You 
demand prices that won't upset 
ae 


your budget! Raytheon delivers. 
And you demand excellent imaging 
results! Again, Raytheon delivers. 
Because Raytheon Medical 
Systems believes that quality starts 
with fundamentals. And because 
we are part of a /-billion-dollar 
multinational company, we offer the 
fundamentals that are important to 
you: strength, capability, support. 
Raytheon Medical Systems can 
provide the knowledge, the 
resources, and the insight required 


to deliver the kind of imaging 
equipment you want. 

Raytheon Medical Systems. The 
one imaging company with the 
capabilities and the commitment 
that can change your negatives 
into positives. 


Raytheon 


MEDICAL SYSTEMS 
2020 North Janice Avenue 
Melrose Park, Illinois 60160 
1-312-865-2600 
1-800-323-2213 
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Control the future 
of your practice 








The Journal of MEDICAL PRACTICE MANAGEMENT 
Editor: Marcel Frenkel, MD, MBA 


A new journal gives you the management 
skills you need to pull ahead 


Right now you need information on some 
important topics that weren't covered in medical 
school. Topics that are having a profound impact 
on private practice and hospital-based physicians 
across the country. 

Like competition from HMOs. Industrialization of 
medicine. The sheer number of physicians compet- 
ing for your patients. Increasing costs. 

You know the issues. What you need to know is 
the best way to face them so your practice wiil 
flourish in years to come. 

And that’s where The Journal of Medical Practice 
Management comes in. 


Keep up with the issues that are changing 
your way of practice forever 


The Journal of Medical Practice Management 
is anew quarterly publication that covers your 
concerns...issues affecting the way you practice 
now — and the way you'll practice in the future. 

Four times a year, an expert editorial board 
headed by Dr. Marcel Frenkel brings you concise, 
readable coverage of today’s issues and tomorrow's 
trends. 

You'll find departments covering ® office proce- 
dures and management © malpractice ¢ marketing 
e manpower ® computers ® taxation ® legal and 
legislative affairs ¢ and health policy. 

You'll also find pertinent features like the 
Washington Report, telling you what's up in the 
nation’s capital and how it affects you...a Letter 
from Abroad, offering perspectives on how physi- 
cians are handling health care issues in other 
countries...and profiles of profit and not-for-profit 
health care delivery systems. 


A multidisciplinary editorial board 


Members of the editorial board for The Journal 
of Medical Practice Management have been care- 
fully chosen for their knowledge of the manage- 
ment aspects of practicing medicine. These 
experts, many with experience in more than one 
field, give you the perspectives you need from 
medicine, law, management, government, and 
education. 


Baltimore, Maryland 21202 


You can control the future of your practice 


The issues you can't afford to ignore are in The 
Journal of Medical Practice Management. It's a lot 
of information for a little money. And that’s good 
business for you. 


Reserve your charter subscription today! 


Just return the attached coupon, or call our 
FREE number, 800-638-6423, from anywhere in the 
US except Alaska. In Maryland, call 528-4105 
collect. Quarterly 


Williams & Wilkins 


428 East Preston Street 266 Fulham Road 


London SW10 9EL England 


YES, | want to control the 
future of my practice! 


Please enter my subscription to The Journal of 
Medical Practice Management (quarterly) 

O Individuals and Institutions $40 

All subscribers: add $10 outside the U.S. 


O Check enclosed O Bill me 
O MasterCard O American Express O VISA 





Card # Exp. date 





Signature 








Name 








Address 








City/State/Zip 


Maryland residents add 5% sales tax. Subscriptions 
outside the US must be prepaid. All subscriptions must be 
paid in US dollars. Rates valid through April 30, 1988. 


Please allow 8 weeks for delivery of your first issue, up to 
16 weeks for surface delivery outside the US. Airmail rates 
available on request. 


Williams & Wilkins 


P.O. Box 23291 
Baltimore, Maryland 21203 


266 Fulham Road 
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Use with 


confidence 
on both sides of 


the blood-brain 
barrier 








' OE ISOWUE™. 





lopamidol injection lopamidol injection 





In clinical trials involving 1099 Isovue 
patients: approximately half the inci- 
dence of mild to moderate adverse reac- 
tions (e.g., pain, nausea, vomiting) seen 
with the ionic control agent* in all intra- 
vascular procedures combined. ' 


OUTSIDE 


Intravascular 
use 








When Isovue-M was compared in a 
double-blind study to metrizamide in 
lumbar, thoracic, cervical, and total 


INSIDE 


columnar myelography, the 370 patients 
Intr atheca given Isovue-M experienced less neuro- 
use toxicity (psycho-organic manifestations) 


and approximately half the incidence of 
observed adverse reactions. ' 





An excellent choice 

when contrast media 
may cross the blood-brain 
barrier unexpectedly 





The first “nonionic” indicated in 
intravenous contrast enhanced CT. 
+ Also indicated in CT cisternography 
and ventriculography. 


As with all injectable contrast agents, the possibility of severe reactions should be borne 
in mind. See brief summary of prescribing information on last pages of this advertisement for 
CONTRAINDICATIONS, WARNINGS, PRECAUTIONS, and ADVERSE REACTIONS. 


*Diatrizoate meglumine/diatrizoate sodium for most intravascular procedures; iothalamate meglumine for cerebral arteriography. 








Enhance your CT procedures 
with the advantages of nonionic ISOVUE 


iopamidol injection ér: 
For cerebral arteriography 
and head and body CT 


ISOWMGE-™.200 


lopamidol injection 41s 


| SOWJE m. 300 
lopamidol injection óx 


For myelography and CT cistern- 
ography and ventriculography 





Compared to conventional, ionic contrast media 


= Nonionic and low osmolality. 
= Increased confidence for the radiologist. _ 
= Improved patient comfort and cooperation. 
= Fewer mild to moderate adverse reactions: less pain, less nausea, 
less vomiting. | . 
= Procedures go more efficiently with fewer disruptions. 


As with all injectable contrast agents, the possibility of severe reactions should be borne in mind. See brief summary of 
prescribing information on next page for CONTRAINDICATIONS, WARNINGS, PRECAUTIONS, and ADVERSE REACTIONS. 


References: |. Data on file, Squibb Institute for Medical Research. 
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ISOVUE"-300 

lopamidol Injection 61% 

ISOVUE"-370 

lopamidol Injection 76% 

ISOVUE-M” 200 

lopamidol Injection 41% 

ISOVUE-M" 300 

lopamidol Injection 61% 

DESCRIPTION—ISOVUE and ISOVUE-M (iopamidol injection) are nonionic ra- 
diopaque contrast media for diagnostic use. The formulations are stable, aque- 
ous, sterile, and nonpyrogenic solutions for intravascular and intrathecal 
administration, respectively. Each mL of ISOVUE-300 (iopamidol injection 61%) 
provides 612 mg iopamidol with 1 mg tromethamine and 0.39 mg edetate cal- 
cium disodium. The solution contains approximately 0.037 mg (0.002 mEq) 
sodium and 300 mg organically bound iodine per mL. Each mL of ISOVUE-370 
(iopamidol injection 76%) provides 755 mg iopamidol with 1 mg tromethamine 
and 0.48 mg edetate calcium disodium. The solution contains approximately 
0.046 mg (0.002 mEq) sodium and 370 mg organically bound iodine per mL. 
Each mL of ISOVUE-M 200 (iopamidol injection 41%) provides 408 mg iopamidol 
with 1 mg tromethamine and 0.26 mg edetate calcium disodium. The solution 
contains approximately 0.025 mg (0.001 mEq) sodium and 200 mg organically 
bound iodine per mL. Each mL of ISOVUE-M 300 (iopamidol injection 61%) 
provides 612 mg iopamidol with 1 mg tromethamine and 0.39 mg edetate cal- 
cium disodium. The solution contains approximately 0.037 mg (0.002 mEq) 
sodium and 300 mg organically bound iodine per mL. The pH of each solution 
has been adjusted to 6.5 to 7.5 with hydrochloric acid. 

CONTRAINDICATIONS: ISOVUE (iopamidol injection)—None. 

ISOVUE-M (iopamidol injection)—Intrathecal administration of corticosteroids 
with iopamidol is contraindicated. Because of overdosage considerations, im- 
mediate repeat myelography in the event of technical failure is contraindicated 
(see interval recommendation under DOSAGE AND ADMINISTRATION in the 
product package insert). Myelography should not be performed in the pres- 
ence of significant local or systemic infection where bacteremia is likely. 
WARNINGS: ISOVUE (iopamidol injection)—Use caution in patients with se- 
verely impaired renal function, combined renal and hepatic disease, or anuria, 
particularly when larger doses are administered. Radiopaque diagnostic con- 
trast agents are potentially hazardous in patients with multiple myeloma or other 
paraproteinemia, particularly in those with therapeutically resistant anuria. It 
has been speculated that the combination of the contrast agent and dehydra- 
tion may be causative of anuria in myelomatous patients. This risk is not a 
contraindication; however, special precautions are required. Contrast media 
may promote sickling in individuals who are homozygous for sickle cell disease 
when injected intravenously or intraarterially. Administration to patients known 
or suspected of having pheochromocytoma should be performed with extreme 
caution. lf the possible benefits outweigh the considered risks, the procedures 
may be performed; however, the amount of the medium injected should be kept 
to an absolute minimum. Assess blood pressure throughout the procedure and 
measures for treatment of a hypertensive crisis should be available. Monitor 
such patients very closely. Use caution in patients with hyperthyroidism or with 
an autonomously functioning thyroid nodule because of risk of thyroid storm. 
ISOVUE-M (iopamidol injection)—Carefully evaluate the need for myelographic 
examination. Administer with caution in patients with increased intracranial pres- 
sure or suspicion of intracranial tumor, abscess or hematoma, those with a 
history of convulsive disorder, severe cardiovascular disease, chronic alcohol- 
ism, or multiple sclerosis, and elderly patients. Particular attention must be given 
to state of hydration, concentration of medium, dose, and technique used in 
these patients. If frankly bloody cerebrospinal fluid is observed, the possible 
benefits of the examination should be considered in terms of risk to the patient. 
Patients on anticonvulsant medication should be maintained on this therapy. Di- 
rect intracisternal or ventricular administration for standard radiography (with- 
out computerized tomographic enhancement) is not recommended. Inadvertent 
intracranial entry of a large or concentrated bolus of agent, which increases the 
risk of neurotoxicity, can be prevented by careful patient management. Avoid 
rapid dispersion of the medium causing inadvertent rise to intracranial levels. If 
such entry of the medium occurs, prophylactic anticonvulsant treatment with 
diazepam or barbiturates orally for 24 to 48 hours should be considered. Use of 
medications that may lower the seizure threshold should be carefully evaluated. 
While the contributory role of such medications has not been established, these 
agents are often discontinued at least 48 hours before and for at least 24 hours 
following intrathecal use. Motor seizures have been reported after intrathecal 
use, however in several of the cases, higher than recommended doses were 
employed. Therefore avoid: deviations from recommended neuroradiologic pro- 
cedure or patient management; use in patients with a history of epilepsy; 
overdosage; intracranial entry of a bolus or premature diffusion of a high con- 
centration of the medium; failure to maintain head elevation during procedure, 
on stretcher, and in bed; excessive and active patient movement or staining. 


PRECAUTIONS: General—Diagnostic procedures should be carried out under 
the direction of personnel with the prerequisite training and a thorough knowl- 
edge of the particular procedure to be performed. Appropriate facilities should 
be available for coping with any complications for emergency treatment of se- 
vere reaction to the agent itself. After parenteral administration, competent per- 
sonnel and emergency facilities should be available for at least 30 to 60 minutes 
since severe delayed reactions may occur. Preparatory dehydration is danger- 
ous and may contribute to acute renal failure in susceptible patients. Patients 
should be well hydrated prior to and following administration. Reactions to the 
medium, including serious, life-threatening, fatal, anaphylactoid or cardiovas- 
cular reactions, should always be considered (see ADVERSE REACTIONS in 
the product package insert). Patients at increased risk include those with a 
history of a previous reaction to a contrast medium, a known sensitivity to iodine 
per se, and those with a known clinical hypersensitivity (bronchial asthma, hay 
fever, and food allergies). Pretesting cannot be relied upon to predict severe 
reactions and may itself be hazardous for the patient. A thorough medical his- 





tory with emphasis on allergy and hypersensitivity prior to the injection of any 
contrast medium may be more predictive and accurate than pretesting. 
Premedication with antihistamines or corticosteroids to avoid or minimize pos- 
sible allergic reactions in such patients should be considered (see CONTRA- 
INDICATIONS). If nondisposable equipment is used, scrupulous care should be 
taken to prevent residual contamination. 

ISOVUE (iopamidol injection)—General anesthesia may be indicated in some 
procedures in selected patients; however, a higher incidence of adverse reac- 
tions has been reported in anesthetized patients, which may be attributable to 
the inability of the patient to identify untoward symptoms, or to the hypotensive 
effect of anesthesia which can reduce cardiac output and increase the duration 
of exposure to the agent. Even though the osmolality is low compared to 
diatrizoate or iothalamate based ionic agents of comparable iodine concentra- 
tion, the potential transitory increase in the circulatory osmotic load in patients 
with congestive heart failure requires caution during injection. Observe these 
patients for several hours following the procedure. In angiographic procedures, 
be aware of the possibility of dislodging plaques or damaging or perforating the 
vessel wall during catheter manipulations and contrast medium injection. Test 
injections to ensure proper catheter placement are suggested. 

The inhibitory effects of nonionic contrast media on mechanisms of hemo- 
stasis have been shown, in vitro, to be less than ionic contrast media at compa- 
rable concentrations. For this reason, standard angiographic procedures should 
always be followed: angiographic catheters should be flushed frequently, and 
prolonged contact of blood with contrast in syringes and catheters should be 
avoided. 

Perform selective coronary arteriography only in those in whom the expected 
benefits outweigh the procedural risk. The inherent risks of angiocardiography 
in patients with chronic pulmonary emphysema must be weighed against the 
necessity for performing this procedure. Angiography should be avoided when- 
ever possible in patients with homocystinuria, because of the risk of inducing 
thrombosis and embolism. 

Drug Interactions: General—Other drugs should not be admixed with iopamido! 
(see CONTRAINDICATIONS, and DOSAGE AND ADMINISTRATION, Drug 
Incompatibilities). 

ISOVUE (iopamidol injection)—Renal toxicity has been reported in a few pa- 
tients with liver dysfunction who were given oral cholecystographic agents 
followed by intravascular contrast agents. Administration of intravascular agents 
should therefore be postponed in any patient with a known or suspected he- 
patic or biliary disorder who has recently received a cholecystographic con- 
trast agent. 

Drug/Laboratory Test Interactions—PBI and radioactive iodine uptake studies 
will not accurately reflect thyroid function for up to 16 days following administra- 
tion, however T3 resin uptake and total or free thyroxine (T4) assays are not 
affected. 

Carcinogenesis, Mutagenesis, Impairment of Fertility—in animal reproduction 
studies performed on rats, intravenously administered iopamido!l did not in- 
duce adverse effects on fertility or general reproductive performance. In stud- 
ies to determine mutagenic activity, iopamidol did not cause any increase in 
mutation rates. 

Pregnancy Category B—No teratogenic effects attributable to iopamidol have 
been observed in teratology studies performed in animals. There are, however, 
no adequate and well controlled studies in pregnant women. It is not known 
whether iopamidol crosses the placental barrier or reaches fetal tissues. Be- 
cause animal studies are not always predictive of human response, this drug 
should be used during pregnancy only if clearly needed. Radiologic proce- 
dures involve a certain risk related to the exposure of the fetus to ionizing 
radiation. 

Labor and Delivery: ISOVUE (iopamidol injection)—!t is not known whether 
use during labor or delivery has immediate or delayed adverse effects on the 
labor, the delivery or the newborn. 

Nursing Mothers-—lIt is not known whether iopamidol is excreted in human milk. 
Use caution when contrast media are administered to nursing women because 
of potential adverse reactions; consideration should be given to temporarily 
discontinuing nursing. 

Pediatric Use—Safety and effectiveness in children have not been established. 
ADVERSE REACTIONS: ISOVUE (iopamidol injection)— Usually mild to moder- 
ate, self-limited and transient. In angiocardiography (597 patients), the adverse 
reactions with an estimated incidence of one percent or higher are: hot flashes 
3.4%; angina pectoris 3.0%; flushing 1.8%; bradycardia 1.3%; hypotension 1.0%; 
hives 1.0%. Intravascular injection is frequently associated with the sensation of 
warmth and pain, especially in peripheral arteriography; pain and warmth are 
less frequent and less severe with ISOVUE than with diatrizoate meglumine and 
diatrizoate sodium injection. The following table of incidence of reactions is 
based on clinical studies with ISOVUE in about 1835 patients: 


Adverse Reactions 
Estimated Overall Incidence 
System >1% <1% 
Cardiovascular none tachycardia 
hypotension 
hypertension 


myocardial ischemia 
circulatory collapse 

S-T segment depression 
bigeminy 

extrasystoles 

ventricular fibrillation 
angina pectoris 
bradycardia 

transient ischemic attack 
thrombophlebitis 


(continued on next page) 





Adverse Reactions (continued from previous page) 
Estimated Overall Incidence 





System >1% <1% 
Nervous pain (1.7%) vasovagal reaction 
burning sensation tingling in arms 
(1.4%) grimace 
faintness 
Digestive nausea (1.2%) vomiting 
anorexia 
Respiratory none throat constriction 
dyspnea 
pulmonary edema 
Skin and Appendages none rash 
urticaria 
pruritus 
flushing 
Body as a Whole hot flashes headache 
(1.5%) fever 
chills 
excessive sweating 
back spasm 


taste alterations 
warmth in throat/ 
arms/chest 
nasal congestion 
visual disturbances 


urinary retention 


Special Senses warmth (1.1%) 


Urogenital none 


Regardless of the agent employed, overall estimated incidence of serious 
adverse reactions is higher with coronary arteriography than with other proce- 
dures. Cardiac decompensation, serious arrhythmias, or myocardial ischemia 
or infarction may occur during coronary arteriography and left ventriculography. 
Following coronary and ventricular injections, certain electrocardiographic 
changes (increased QTc, increased R-R, T-wave amplitude) and certain 
hemodynamic changes (decreased systolic pressure) occurred less frequently 
with ISOVUE (iopamidol injection) than with diatrizoate meglumine and diatrizoate 
sodium injection; increased LVEDP occurred less frequently after ventricular 
iopamidol injections. In aortography, the risks of procedures also include injury 
to the aorta and neighboring organs, pleural puncture, renal damage including 
infarction and acute tubular necrosis with oliguria and anuria, accidental selec- 
tive filling of the right renal artery during the translumbar procedure in the pres- 
ence of preexisting renal disease, retroperitoneal hemorrhage from the 
translumbar approach, and spinal cord injury and pathology associated with 
the syndrome of transverse myelitis. Adverse effects reported in literature in- 
clude arrhythmia, arterial spasms, hematuria, periorbital edema, involuntary 
leg movement, malaise, and triggering of deglutition; some of these may be 
procedural. Other reactions due to procedural hazards include hemorrhage or 
pseudoaneurysms at the puncture site, brachial plexus palsy following axillary 
artery injections, chest pain, myocardial infarction, and transient changes in 
hepatorenal chemistry tests; and rarely arterial thrombosis, displacement of 
arterial plaques, venous thrombosis, dissection of the coronary vessels and 
transient sinus arrest. 


ISOVUE-M (iopamidol injection)—The most frequently reported following 
intrathecal administration are headache, nausea, vomiting, usually mild to mod- 
erate, and musculoskeletal pain. These usually occur 1 to 10 hours after injec- 
tion, almost all occurring and ending within 24 hours. Backache, neck stiffness, 
numbness and paresthesias, leg or sciatic-type pain occurred less frequently. 
Transient alterations in vital signs may occur and should be assessed on an 
individual basis. The following table of incidence of reactions is based on clini- 
cal studies with ISOVUE-M in about 615 patients: 


Adverse Reactions 
Estimated Overall Incidence 
System >1% <1% 
Body as a Whole headache (18.1%) pyrexia 
muscle weakness 
hot flashes 
malaise 
fatigue 
weakness 
Digestive nausea (7.3%) diarrhea 
vomiting (3.7%) heartburn 
Musculoskeletal back pain (2.3%) leg cramps 
leg pain (1.4%) sciatica 


cervicobrachial 
irritation 

meningeal irritation 

radicular irritation, 
lumbosacral 

other musculoskeletal 

pain 

involuntary movement 

burning sensation 


hypotension (1.1%) tachycardia 
hypertension 
chest pain 


(continued on next column) 


neck pain (1.1%) 


Cardiovascular 


emotional stress 
dizziness 
paresthesia 
confusion 
hallucinations 
lightheadedness 
syncope 
numbness 

cold extremities 


Urogenital none urinary retention 
Respiratory none dyspnea 

Skin and Appendages none rash 
Miscellaneous none injection site pain 


Other adverse effects reported in literature include facial neuralgia, tinnitus, 
and sweating. Major motor seizures have been reported in the clinical literature 
and since market introduction in the United States. Transitory EEG changes 
occur and usually take the form of slow wave activity. The following adverse 
reactions may occur because they have been reported with other nonionic 
contrast agents: cardiovascular (arrhythmias); aseptic meningitis syndrome; 
allergy or idiosyncrasy (chills, pruritus, nasal congestion, Guillain-Barre syn- 
drome); CNS irritation (psycho-organic syndrome: mild and transitory percep- 
tual aberrations such as depersonalization, anxiety, depression, hyperesthesia, 
disturbances in speech, sight, or hearing, and disorientation; in addition, 
hyperreflexia or areflexia, hypertonia or flaccidity, restlessness, tremor, 
echoacousia, echolalia, asterixis or dysphasia have occurred). Profound men- 
tal disturbances have rarely been reported (various forms and degrees of apha- 
sia, mental confusion or disorientation); the onset is usually 8 to 10 hours and 
lasts for about 24 hours without aftereffects. However, occasionally they have 
been manifest as apprehension, agitation, or progressive withdrawal to the point 
of stupor, rarely accompanied by transitory hearing loss or other auditory symp- 
toms and visual disturbances. Also reported: persistent cortical loss of vision in 
association with convulsions, and ventricular block, transitory weakness in the 
leg or ocular muscles, peripheral neuropathies, including sensory and/or motor 
or nerve root disturbances, myelitis, persistent leg muscle pain or weakness, or 
sixth nerve palsy, or cauda equina syndrome, muscle cramps, fasciculation or 
myoclonia, spinal convulsion, or spasticity. 


Nervous none 


General Adverse Reactions To Contrast Media—Reactions known to occur 
(mostly mild—moderate in degree) with parenteral administration of iodinated 
ionic contrast agents (see the listing below) are possible with any nonionic 
agent. Life-threatening reactions and fatalities, mostly of cardiovascular origin, 
have occurred. Reported incidences of death from administration of other 
iodinated contrast media range from 6.6 per 1 million (0.00066%) to 1 in 10,000 
patients (0.01%). Most deaths occur during injection or 5 to 10 minutes later, the 
main feature being cardiac arrest with cardiovascular disease as the main ag- 
gravating factor with isolated reports of hypotensive collapse and shock (est. 
0.005%). Experience with iopamidol suggests less discomfort (e.g., pain and/or 
warmth) with peripheral arteriography. Fever changes are noted in ventricular 
function after ventriculography and coronary arteriography. During intrathecal 
use, there is a lower incidence of electroencephalographic changes as well as 
neurotoxicity by virtue of the intrinsic properties of the iopamidol molecule. The 
reported incidence of adverse reactions to contrast media in patients with a 
history of allergy is twice that for the general population; patients with a history 
of previous reactions to a contrast medium are three times more susceptible. 
Although most reactions to intravascular contrast agents appear within 1-3 min- 
utes after start of injection, delayed reactions may occur (see PRECAUTIONS, 
General). Adverse reactions reported with other intravascular contrast agents 
and therefore theoretically possible with iopamidol include: Cardiovascular: 
vasodilation, cerebral hematomas, petechiae, hemodynamic disturbances, 
sinus bradycardia, transient electrocardiographic abnormalities, ventricular 
fibrillation; Nervous: paresthesia, dizziness, convulsions, paralysis, coma; 
Digestive: nausea, vomiting, severe unilateral or bilateral swelling of the parotid 
and subparotid glands; Respiratory: increased cough, asthma, laryngeal edema, 
pulmonary edema, bronchospasm, rhinitis; Skin and Appendages: injection site 
pain usually due to extravasation and/or erythematous swelling, skin necrosis, 
urticaria; Urogenital: osmotic nephrosis of proximal tubular cells, renal failure, 
pain; Special Senses: bilateral ocular irritation; lacrimation; conjunctival 
chemosis, infection, and conjunctivitis, perversion of taste; Other: neutropenia, 
thrombophlebitis, flushing, pallor, weakness, severe retching and choking, 
wheezing, cramps, tremors, and sneezing. 


OVERDOSAGE—Treatment is directed toward the support of all vital functions, 
and prompt institution of symptomatic therapy. In myelography, even use of a 
recommended dose can produce mental aberrations tantamount to overdosage, 
if incorrect management of the patient during or immediately following the pro- 
cedure permits inadvertent early intracranial entry of a large portion of the 
medium. Treatment is directed toward the support of all vital functions, and 
prompt institution of symptomatic therapy. 


HOW SUPPLIED—ISOVUE-300 (iopamidol injection 61%) and ISOVUE-370 
(iopamidol injection 76%) are available in cartons of ten single dose vials, and 
ten 100 mL single dose bottles. ISOVUE-370 is also available in cartons of ten 
150 mL and ten 200 mL single dose bottles. ISOVUE-M 200 (iopamidol injection 
41%) and ISOVUE-M 300 (iopamidol injection 61%) are available in cartons of 
ten 20 mL and ten 15 mL single dose vials, respectively. 


For full prescribing information consult package insert. (J3-652D/J3-653E) 


Under license from Bracco Industria Chimica S.p.A. U.S. Patent #4,001,323 


© 1987 E.R. Squibb & Sons, Inc., Princeton, NJ 646-507 Issued: Jan. 1987 
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Patient: = 58-year-old male. 
Diagnosis; |© Focal high grade stenosis of the right 
s-common iliac artery. 
Considerations: Tortuous iliac circulation and scarred 
| entry site at groin. 
Indicated Percutaneous transluminal 
Treatment: angioplasty. 
Requirements: Catheter must enter vessel easily, track 
= effectively to lesion, and traverse lesion 
atraumatically. Balloon must sustain high 
pressure without distorting, deflate rapidly, 
and resume low profile for easy with- 
drawal at puncture site. 


Dilatation Medi-tech 8mm x 3cm balloon dilatation 

Catheter catheter. Chosen from over 100 Medi-tech 

Selected: dilatation catheters, all combining 
advanced technology with strict clinical 
standards of quality and reliability. 


Medtech. 


Medi-tech, Incorporated 
480 Pleasant Street 
P.O. Box 7407 
Watertown, Massachusetts 02272 
(617) 923-1720 Telex 922-453 


Ordering Information (800) 225-3238 
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CURIX Ortho ST (Structured Twin) Crystal 
emulsions improve sharpness and sensitivity, 
plus provide greater dynamic range. 


CURIX and the AGFA Rhombus are trademarks of Agfa-Gevaert, Antwerp/Leverkusen 
































CURIX’ Ortho ST Films achieve superior image 





quality and noise suppression through fundamental 
innovations in crystal and emulsion technology. 


First: AGFAs twin tabular and com- 
pact silver halide crystals provide both 
increased surface area for improved sen- 
sitivity, and compact size for increased 
sharpness and reduced graininess. 


Second: The unique silver bromo- 
iodide crystal structure of CURIX Ortho 
ST Films enhances image perception and 
suppresses noise, because of improved 
adherence of the sensitizing dye upon the 
crystal surfaces. Thus, the dye is better 
utilized in image formation than with other 
tabular grain films, resulting in a cleaner, 
brighter, sharper image. 


SENSITIZING DYE 


ia 
















CRYSTAL STRUCTURE 
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CURIX Ortho ST emulsions 
reduce Crossover Exposure 


Screen-emitted light is absorbed in the 
layers adjacent to the screens, resulting 
in increased sharpness. 


Conventional CURIX Ortho 
Films “ST” Film 





X-RAY - 
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sharpness. 


CURIX Ortho ST Films are compatible 
with standard CURIX Ortho Screens, 
require no change in technique, and pro- 
vide the same high speed with greater 
sharpness and less grain. 


AGFA is setting new standards...with 
innovations in imaging technology, 
equipment, and service. 


CURIX Ortho ST Films provide 
improvement in sharpness that you can 
actually see! 


Let us prove it to you. Call 914-682-5650 
for a demonstration. 


Agfa-Gevaert Rex, Inc. 

A Subsidiary of Agfa-Gevaert, Inc. 
P.O. Box 190, White Plains, NY 10602 
914-682-5650 


CIRCLE 12 ON READER SERVICE CARD 


AGFA 


Advancing the Science 


of Medical Imaging 
















The Official Journal 
of the Society of Magnetic Resonance in Medicine 





Editor-in-Chief: E. Raymond Andrew 


University of Florida, Gainesville 





MAGNETIC RESONANCE IN MEDICINE is an international journal devoted to 
the publication of original investigations concerned with all aspects of the de- 
velopment and use of nuclear magnetic resonance and electron paramagnetic 
resonance techniques for medical applications. 





Articles in the areas of clinical studies, physiology, biochemistry, chemistry, 
engineering, Computing, physics, and mathematics are included. In addition to 
regular articles, the journal publishes Communications, preliminary accounts of 
work of special topicality and importance, and Notes, complete accounts of 
work of limited scope. 


Volumes 4—5 (1987), 12 issues ISSN 0740-3194 
In the U.S.A. and Canada: $200.00 All other Countries: $226.00 


Sample copies and privileged personal subscription rates are available. 
To enter your subscription or for more information, please write or call: 


ACADEMIC PRESS, INC., Journal Promotion Department 


1250 Sixth Avenue, San Diego, CA 92101, U.S.A., (619) 230-1840 
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igh field magnetic resonance 

imaging (MR) is proving to be 

a highly useful tool in the early 
diagnosis of avascular necrosis (AVN) 
of the hip. 


As demonstrated in the following 
case study, the sensitivity of the 
Signa® system permits confident 
diagnosis of AVN. 


Detection of AVN 

A 45-year-old female presented 
with left hip pain and difficulty walk- 
ing. Radiographs and radionuclide 
examination revealed changes con- 
sistent with early AVN in her left hip. 
The asymptomatic right hip was inter- 
preted as normal. 

The patient was then referred to a 
Signa user for MR evaluation. 11 
weighted imaging* (Fig. 1) showed 
decreased signal throughout the left 
femoral head and neck, with a well 
defined line across the superior 
aspect of the head. T2 weighted 
imaging* (Fig. 2) also depicted this 
low signal line. 


Signa... the MR reference point 

For referring physicians of all 
specialties, Signa sites are the 
reference point for optimal image 
quality across the broadest range of 
applications in MR. 


The high sensitivity of the Signa 


system permits detection of AVN even, 


in some cases, before the disease 
becomes evident clinically, or can be 
diagnosed by other methods. 


To receive a detailed discussion 


of the case presented here, call 
General Electric at 1-800-624-5692 


and request MR Clinical Symposium 


No. 7134. We will also be glad to 
provide a list of the Signa sites in 
your area. 
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Bilateral avascular 
necrosis of the hip 








The asymptomatic right hip had an 
abnormal MR appearance. Both T1 and 
T2 weighted images demonstrated a 
well-defined low signal line crossing 
the right femoral head. The T2 weighted 
image (Fig. 2), in particular, revealed 
a curved “double line” consisting of a 
high signal line inside a low intensity 
peripheral rim. Because of this char- 
acteristic appearance, bilateral AVN 
was diagnosed. 


The left hip was treated with core 
decompression and bone grafting, and 
improved clinically. Three months later, 
similar symptoms developed in the right 
hip. Core decompression and bone 
grafting were completed on the right 
hip and the patient improved clinically. 


*Generally speaking, an image is considered to be 
T1 weighted if it has a short TE, or echo delay 
time, (30 msec or less) and a short TR, or relaxa- 
tion time, (600 msec or less). An image is [2 
weighted if it has a long TE (70 msec or more) and 
a long TR (2000 msec or more). Both types of im- 
ages are usually necessary for a complete 
diagnostic workup. 


Acknowledgement: Donald G. Mitchell, M.D., 
Herbert Y. Kressel, M.D., Dept. of Radiology, 
Marvin E. Steinberg, M.D., Dept. of Orthopedics, 
Hospital of the University of Pennsylvania. 














‘Certainly this is the largest book published on 
radiologic imaging in the past few years. A 
major strength of this book is the adherence to 
a uniform approach for each body system... . 
this book is a must for any radiologist who 
attends tumor board or has frequent contact 
with oncologists. It bridges the gap that occurs 
when clinicians try to extract staging information 
from imaging specialists.” 

—Linda K. Olson, M.D. 

American Journal of Roentge nology, June 1986 
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Editors: 
David G. Bragg, MD, 

University of Utah School of Medicine 
Philip Rubin, MD, 

University of Rochester Cancer Center 


James E. Youker, MD, 
Medical College of Wisconsin 


ONCOLOGIC IMAGING serves as a guide to the 
appropriate selection and sequencing of the vast array 
of imaging techniques currently available. Each 
chapter, written by an imaging expert for the particular 
organ site, describes tumor characteristics and tumor 
staging, develops imaging strategies, presents decision 
trees based on considerations of cost, accuracy, and 
efficacy, and offers treatment choices once the tumor 
volume has been defined. 


ONCOLOGIC IMAGING features: 


e Chapters organized by anatomic location, with focus 
on the imaging strategy most suitable for each site. 

e Emphasis on strategy, decision-tree diagrams and 
multi-disciplinary treatment approaches. 

e 27 contributions by 32 world-renowned specialists. 

e Nuclear medicine, diagnostic radiology and magnetic 
resonance imaging. 

e Contains over 850 illustrations. 
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MR Imaging of the Aortic 
Root and Proximal Coronary 
Arteries 





Six patients who had recently undergone selective coronary and left ventricular 
angiography were prospectively examined with MR to show the aortic root and proximal 
coronary arteries. The examinations were performed with a superconductive 1.5-T 
instrument with spin-echo sequences and ECG-gated multiple slices of 5-mm thickness. 
The location and plane direction of the scan were guided by findings on initial coronary 
MR scout scans and by a review of the angiograms. In four of the six patients both 
coronary orifices and the proximal centimeters of both coronary arteries were identified. 
In the remaining two, only the left proximal coronary artery was seen. Although segments 
of more peripherally located portions of the main coronary arteries and branches were 
detectable, a prospective and conclusive identification without knowledge of the angio- 
graphic anatomy would have been extremely difficult. Differential diagnostic problems, 
such as erroneous interpretation of pericardial recesses and coronary veins, were 
observed. Unsuccessful demonstration of the right coronary artery orifice in two cases 
coincided with more peripherally located occlusion of the vessels on the angiogram. 

MR with spin-echo sequences appears to be unsatisfactory for diagnosis of coronary 
arteriosclerotic disease, but it may be useful in other conditions that result in significant 
coronary dilatation, such as fistulae and aneurysms. 


The ability of MR to delineate cardiac anatomic structures has been documented 
in many previous publications [1-3]. The clarity with which the anatomic relationship 
of the large vessels, cardiac chambers, myocardium, and pericardial space can be 
delineated in ECG-gated examinations [4-9] is remarkable. On occasion, even 
smaller vascular structures, such as the proximal portions of the coronary arteries, 
have been documented [1, 5]. In this report, we describe the use of ECG-gated 
MR imaging to delineate the anatomy of the aortic root, the coronary ostia, and 
the major proximal portions of the coronary arteries. 


Subjects and Methods 


The subjects included six patients who recently had undergone selective coronary arteri- 
ography and left ventriculography on the basis of clinical indications (Table 1). Before the MR 
examinations, available biplane left ventricular angiograms and multidirectionally performed 
selective coronary arteriograms were reviewed in detail by one of the authors, and composite 
drawings of the aortic root, coronary ostia, and coronary arteries were made. Thus, a detailed 
knowledge of the essential vascular coronary topography in relation to body axis was available 
in all patients before examination. 

Patients were informed about the nature of the exploratory examination, which was not to 
exceed a total of 2 hr, and gave verbal consent to the referring cardiologist and the responsible 
radiologist. One additional patient developed claustrophobia when placed in the apparatus, 
so the examination was terminated immediately. 

The MR imaging procedures were performed on a Gyroscan S-15 (Philips, Eindhoven, The 
Netherlands) superconducting magnet operated at 1.5-T field strength. Electronic angulation 
in a single-plane direction was used as needed. The acquisition field of view was 310 mm 
with a 256 x 256 pixel matrix, resulting in an in-plane resolution of 1.2 mm. ECG triggering 
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was obtained from three chest electrodes that were placed on the 
anterior chest wall close to the heart and connected to a transmitter. 
Thus, the signal was sent to the imager by telemetry (Hewlett- 
Packard, Palo Alto, CA). Ten to thirteen single-echo slices (30-msec 
echo) were obtained with two excitations. The first slice was excited 
approximately 10 msec after the QRS complex of the ECG. Consec- 
utive slices were obtained at 50-msec intervals. Slice ordering was 
chosen so that planes of greatest interest were seen in systole, since 
flow artifacts in the large vessels and cardiac chambers were mini- 
mized [7]. The time for acquisition for each run was between 5 and 
9 min, depending on heart rate. 

On the basis of initial experience gained from pilot studies per- 
formed on volunteers, we used the following examination sequence, 
which was compatible with the allotted time. In all six patients an 
initial coronal scan was performed in the recumbent position by using 
eight 7-mm-thick slices with a 2.1-mm gap. This was done in order 
to identify gross anatomy and topography (Fig. 1). Subsequent trans- 
verse scans were performed with a 5-mm slice thickness and a 
1-mm gap to cover the aortic root from its lowermost aortic valve 
cusp upward. In five of the six patients a second scan was obtained 
by shifting slices by half-slice width. Additional sequences were 
obtained with thinner, 3.0-mm slices in one subject and at a different 


TABLE 1: Summary of Angiographic Findings and Clinical Diagnosis 
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tilt in two subjects, compensating grossly for the angulation of the 
aortic valve plane as shown on the coronal scans. 


Results 


The initial cardiac-gated coronal scans in the recumbent 
position clearly identified the existing cardiac topography. A 
careful search for any of the angiographically known coronary 
arterial and venous structures did not result in their unequiv- 
ocal identification. 

The presence and location of both coronary artery orifices 
within the aortic root was identified on transverse scans in 
four of the six examined patients. In the remaining two 
patients only the left coronary artery orifices were detected. 

The proximal portions of the coronary arteries were identi- 
fied at varying lengths: the first 1-2 cm of the left main 
coronary artery were seen in all six cases (Fig. 2). In two of 
these, the large bifurcation was also identified, and in one, an 
additional, approximately 3-cm-long segment of the left an- 
terior descending artery was illustrated (Fig. 3). The right 





LV Angiogram 





Coronary Angiogram 











Case Gender Age Clinical Diagnosis 
(years) EF (%) Regional Damage Anatomy Pathology 
T M 65 38 Inferolateral RC, DOM LC (OCCL) LAD, SS Inferior myocardial infarct; 
| RC (OCCL) angina pectoris 
| 2 M 48 61 None LC, DOM None Angina pectoris; left bun- 
s dle branch block 
3 F 54 58 None RC, DOM None Angina pectoris; mitral 
Í prolapse 
7 4 M 54 76 None RC, DOM None Atrial septal defect 
5 M S57 59 Anteroapical RC, DOM LAD (OCCL) RC, SS Anterior myocardial in- 
farct; angina pectoris 
6° M 67 67 Posteroinferior RC, DOM LC, SS LAD, SS RC Inferior myocardial infarct; 








(OCCL) 


angina pectoris 





Note.—LV = left ventricular; EF = ejection fraction; RC = right coronary artery; DOM = dominants of arterial distribution; LC = left circumflex; OCCL = 
occlusion; LAD = left anterior descending artery; SS = severe stenosis (>70% diameter reduction). 
* Right coronary orifice not shown by MR imaging. 


Fig. 1.—Coronal scan with 7-mm thickness 
illustrates left ventricular outflow, aortic valve 
plane, and ascending aorta. These scout exam- 
inations were used together with information 
from cardiac angiograms to identify optimal lo- 
cation and angulation of transverse scans. 


Fig. 2.—Transverse scan (case 1) at level of 
aortic root just above aortic valve identifies os- 
tium and proximal 10 mm of left main coronary 
artery (arrow). Note funnel-shaped appearance 
of coronary orifice. Right coronary artery orifice 
is not detectable in this scan. 
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Fig. 3.—Transverse scan (case 4) at level of 
aortic root a few millimeters above the aortic 
valve illustrates left coronary artery orifice in 
slightly posterior position. Curved arrow points 
to left main coronary artery bifurcation from 
which anteriorly directed proximal portion of left 
anterior descending artery can be followed for a 
few centimeters. Left circumflex artery appears 
as a very short stump, as it immediately there- 
after turns caudally and out of the image plane. 
Straight arrow indicates tubular dark space be- 
tween right atrial appendage, anterior wall of 
aorta, and right lateral border of right ventricular 
outflow tract. This represents a pericardial re- 
cess (not to be confused with the right coronary 
artery). (See also Fig. 7.) 


Fig. 4.—Transverse scan (case 2) shows 
small right coronary orifice originating from an- 
terior wall of aortic bulb (curved arrow). Several 
centimeters of the artery are visible. The coro- 3 
nary angiogram showed a small but normal right 
coronary artery with a maximum diameter of less 
than 2 mm. 


A 
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Fig. 5.—A, Low transverse cut with 20° left-to-right angulation (case 4) illustrates difficulties in vessel identification in areas of left ventricular heart 
wall that are cut at angulation. A large, circular structure (large arrowhead) and an adjacent longitudinal structure (small arrowheads) are seen. On 
selective coronary arteriogram, these structures correspond most closely to the coronary sinus and to a large left lateral coronary vein. 

B, Cineframe of selective left coronary arteriogram in right anterior oblique projection shows normal findings. 

C, Late phase of same injection shows dilute contrast filling of great cardiac vein (arrowheads) and coronary venous sinus (arrows) in same projection 
as in B. Observe close topographic relationship between arteries and veins. On cine projection, identification was much clearer. 


coronary artery ostium, seen in four patients, continued in a 
detectable vascular channel with an approximate length of 5 
to 20 mm without evidence of vascular bifurcation (Fig. 4). 
More distally located portions of the coronary arteries were 
only occasionally detected and were difficult to interpret, 
because they presented oval or circular images corresponding 
to the angle between the slice plane and the direction of the 
vessels (Fig. 5). In four instances, such vessel-resembling 
structures were identified as portions of the coronary venous 
system (Figs. 5 and 6). A different, linear, dark structure in 
the vicinity of the right coronary ostium and most proximal 


artery segments was present in four cases but could be 
identified as pericardial recesses [10] (Fig. 7). 

Direct identification of coronary artery disease was not 
achieved in any of the three cases in which obstructive lesions 
were identified in the coronary arteriograms. None of these, 
however, included disease of the left main coronary artery or 
the right coronary artery ostium. In the two cases in which 
the proximal right coronary artery was not shown, the proxi- 
mally patent and irregularly contoured arteries were com- 
pletely occluded further distally (Fig. 8), and the arteriograms 
showed extensive collateralization from the opposite side. 




















~~ 
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a 
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7A 7B 7 
4 Fig. 6.—Transverse scan (case 2) at level approximately 25 mm below left coronary orifice clearly 

f shows right and left ventricular cavity separated by interventricular septum at level of mitral valve. 

5 Tubular structure in left lateral wall (straight arrow), again, most likely to represent cardiac vein 

w rather than coronary artery branches, none of which on the coronary angiogram reached such large 

] dimensions in this area. Also note circular vascular structures in each atrioventricular groove 

contrasting well against surrounding bright signals of epicardial fat tissue. Because the patient had 

i a dominant left coronary artery system with a diminutive right coronary artery, the right-sided circular 

í structure was identified as a vein by exclusion. 
io 
a Fig. 7.—A, Transverse scan with 20° left-to-right angulation (case 4) shows right coronary artery 

5 orifice (curved arrow) arising in right anterior direction with approximately 1-cm visible segment of 

i proximal artery. 

E B, In this slice, located 12 mm more cranially, tubular structure (straight arrow) corresponds to 

: pericardial superior recess between right atrial appendage and cardiac wall. Potential misinterpre- 

tation as right coronary artery is obvious. Also note clear delineation of pulmonic valve leaflets 

l i obtained at this level by using angulation of transverse scan. 

t- 

| Fig. 8.—Selective coronary cineangiograph (case 1) in left anterior oblique projection shows 

S proximally patent right coronary artery with more distally located severe stenoses continuing to total 
l Í occlusion. Right coronary orifice and proximal artery were not shown by MR in this case. 

T 

5 
i 

4 Discussion also involves the aortic root and aortic valve plane, from which 
gy the coronary arteries arise, the entire coronary artery system 

j Previous claims that cardiac MR imaging may show por- truly represents a rapidly moving target. 

j tions of the coronary arterial tree were confirmed. On the In analogy to optimal radiographic imaging of the coronary 
; $ other hand, our prospective examination of six patients arteries with a large-sized, high-definition format [13], it would 
, q showed some of the present technical limitations and difficul- be advisable to use those heart phases with the least cardiac 
‘a ties in image interpretation, which readily explain the inability motion, such as late diastole, when coronary flow is high and 
a to obtain a complete picture of the subepicardially located thus optimal contrast is possible on SE images. ECG-gated 

E coronary arterial tree—an achievement that would make MR MR provides such an approach because it allows for pro- 

E . . . . . . . ` . . . . . . . . . 

A imaging a clinically practical, noninvasive examination com- spective timing of individual slices [8, 9]. However, in our 
y petitive with the invasive forms of angiography. studies the multiple slices were timed to occur at 50-msec 
a The multidirectional orientation of the coronary arteries, intervals after the R wave on the ECG, thus covering a large 
L their relatively small size, and the rapid cardiac motion influ- portion of the total heart cycle. This resulted in a small number 
z encing their position during the heart cycle account for the of slice images at a given point of cardiac position, and we 
inconsistent depictions of coronary arterial structures exam- were unable to determine whether the position of the image 
r ined with presently available MR techniques. Calibers of the plane, degrees of motion blurring, or coronary arterial flow 


3-4 mm, rarely exceeding 5 mm in normal humans [11]. Their vascular images. 
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large, proximally located coronary arteries are in the range of conditions accounted for the presence or absence of coronary 


spatial displacement during the heart cycle is on the order of We were unable to identify conclusively any portion of the 
several centimeters, with peak velocities of more than 200 coronary artery on coronal scans partly because of the larger 
mm/second during certain phases such as rapid cardiac spacing between the individual sections, which were obtained 
contraction and relaxation [12]. Because this physical motion mainly for initial orientation purposes. Transverse slices, if 
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possible, modified by angulation in accordance with the de- 
gree of inclination of the aortic valve appear to be optimal for 
showing the coronary orifices, which usually arise at a 90° 
angle. Furthermore, variations in circumferential position will 
not affect their delineation. Obviously, our high success rate 
in identifying the ostia and proximal portions of the coronary 
arteries was favorably influenced by having prior knowledge 
of the existing anatomy based on angiography. This allowed 
us to search in a particular area of interest and to perform 
5-mm slices at a 1-mm gap with a second scan by shifting 
slices by half-slice widths. Considering the number of ana- 
tomic variations, such as the ectopic location of coronary 
orifices, and the fact that less frequently spaced scans are 
usually made on MR examinations, a significantly lower yield 
for routine examinations can be expected. Similarly, whether 
a shorter or longer segment of the coronary arteries is visu- 
alized appears to be significantly influenced by the vessel’s 
orientation in relation to the plane of the image section. Longer 
portions are identified in those instances in which the longi- 
tudinal vessel axis coincides with the plane of the image 
section. The artery is seen poorly when it is tortuous. Im- 
proved detection could have been obtained by making addi- 
tional angulated views, as proposed by others [14, 15], but 
these were not done because of time limitations. 

In several instances, longitudinal structures with the ap- 
pearance of a vessel were initially suspected to represent 
either segments of the left anterior descending artery or a 
major diagonal branch, but they could not be identified posi- 
tively on the coronary arteriogram. In fact, on the basis of 
angiography these structures were subsequently identified 
either as coronary veins (such as the central portion of the 
great cardiac vein curving from the anterior intraventricular 
sulcus into the venous coronary sinus) or as additional left 
lateral coronary veins. A similar, potentially erroneous inter- 
pretation occurred in a patient who had a preponderant left 
coronary arterial system and a diminutive right coronary ar- 
tery. The right coronary vein was identified by exclusion. From 
these observations we recommend caution with regard to the 
interpretation on MR scans of coronary arteries unless a 
continuous delineation of the proximal coronary arteries has 
been established conclusively, and we question the correct- 
ness of interpretations suggested in the illustrations of certain 
previous publications [1, 5]. 

Whereas the occasional appearance of the pericardial 
space along the left ventricular lateral wall hardly posed any 
difficulties or confusion because of its clear continuation either 
outside the atrioventricular ring area or anteriorly along the 
ventricular wall, in several instances the presence of a peri- 
cardial recess between the right atrial appendage and the 
anterior wall of the aorta could have easily led to an erroneous 
interpretation of a large proximal right coronary artery. Si- 
multaneous identification of the coronary artery orifice in a 
slightly different location, however, clarified the close ana- 
tomic relationship of these two different structures. 

Our inability to delineate the right coronary artery orifices 
in two patients was perplexing, since their locations and 
dimensions on the angiogram did not differ markedly from 
those in whom we were successful. One likely explanation is 
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the presence of extremely low arterial flow resulting in oblit- 
eration of signals in these arterial portions [7]; on the selective 
coronary arteriogram, both patients showed complete occlu- 
sion of the same arteries more distally. In light of our limited 
experience, we are not prepared to suggest that such nega- 
tive findings can be used as conclusive evidence for vascular 
obstruction as proposed by others [16]. 

Although this pilot study clearly illustrates the limitations of 
MR for identifying the coronary arterial tree, one may still 
raise the question of whether MR has any practical clinical 
applications in its present state of development. Our success 
in prospectively delineating the left main coronary artery raises 
the possibility of detecting severe stenosis of this artery and 
the patency of coronary arterial-venous bypass grafts. We 
suspect that conditions that result in coronary arterial dilata- 
tions, such as coronary arteriovenous fistulas or aneurysms 
due to arteritis, can be seen on MR. 

Cardiac MR imaging, in its present state of development, 
is frequently compared with other noninvasive diagnostic 
procedures such as radionuclide imaging, sonography, and 
CT [17-20]. Although it compares favorably in many respects, 
its relatively high cost is a major disadvantage [1]. With regard 
to coronary artery imaging, to date MR does not challenge 
the primary role of coronary angiography. Recent develop- 
ments in MR technology, however, raise some hope that a 
noninvasive approach to coronary artery imaging may be 
available in the not-too-distant future. Such optimism is nour- 
ished by our own initial experience with a technology de- 
scribed by others (21]. This technology is based on the use 
of low flip angles in conjunction with gradient-field echoes and 
short repetition times providing high signals of the flowing 
blood [22-24]. By using ECG-triggered phase-encoding gra- 
dients, up to 32 sequential images through the cardiac cycle 
can be acquired at up to four simultaneous levels. Motion 
display of these images shows bright signals from vessels 
containing high blood-flow speed, resulting in image percep- 
tion of the coronary arteries similar to those seen on coronary 
cineangiography. Therefore, in our opinion, this new variation 
in MR imaging is most likely to overcome the limitations of 
coronary artery identification that we encountered when using 
conventional spin-echo techniques. 
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Right Atrioventricular Valve 
Atresia: Anatomic Evaluation with 


MR Imaging 





MR was used to differentiate the classical form of tricuspid atresia, in which the 
atrioventricular connection is absent, from a rare type of right atrioventricular obstruction, 
in which the valve is imperforate, and from some Ebstein’s malformations in which 
atrioventricular flow is obstructed by a displaced tricuspid valve. ECG-gated, T1- 
weighted spin-echo MR imaging was performed at 0.3 or 1.0 T in six patients with 
classical tricuspid atresia, in one patient with tricuspid atresia due to an imperforate 
tricuspid valve, and in two with Ebstein’s malformation. In the patients with classical 
tricuspid atresia, epicardial fat within the atrioventricular sulcus that was interposed 
between the right atrium and the ventricular mass caused increased intensity. This 
finding was not present in the patients with imperforate tricuspid valve or Ebstein’s 
malformation in whom the sulcus appeared normal. Postmortem examination of five 
other hearts with classical tricuspid atresia revealed epicardial fat extending into the 
atrioventricular sulcus, which separated the right atrium and the ventricular mass. In 
three hearts with Ebstein’s malformation, the sulcus extended only to the level of the 
atrioventricular junction. 

The characteristic MR appearance of fat adjacent to the muscular floor of the right 
atrium, therefore, serves to identify the atrioventricular sulcus and allows differentiation 
of the types of right atrioventricular valve atresia. 


On ECG-gated MR images of patients with right atrioventricular valve atresia 
associated with tricuspid atresia, we noted a bright image in the expected location 
of the atretic valve. We initially attributed this to the muscular floor of the right 
atrium [1]. We have since reasoned that the signal emanates from fat within the 
atrioventricular sulcus, which may provide a landmark that would aid in the 
differentiation of the various forms of right atrioventricular valve atresia. 

In the common form of right atrioventricular valve atresia (classic tricuspid 
atresia), the right atrioventricular valve connection is absent and the muscular floor 
of the right atrium is separated from the ventricular mass by the atrioventricular 
sulcus [2]. The right ventricle is incomplete and rudimentary while the dimple 
considered to represent the absent tricuspid apparatus [3] overlies the dominant 
left rather than the rudimentary right ventricle (Fig. 1A). 

Rarely, the right atrioventricular valve orifice may be normally formed but is 
obstructed by an imperforate membrane interposed between the right atrium and 
a hypoplastic right ventricle [4]. The imperforate atrioventricular valve may also 
exhibit features of Ebstein's malformation [4-9]. In this situation, there is potentially 
a concordant atrioventricular connection, (Fig. 1B) but the potential connection may 
be with the left ventricle (discordant), or it may be the right atrioventricular valve of 
a potentially double-inlet atrioventricular connection (Fig. 1C). The finding of a 
potential atrioventricular connection with a normally formed orifice but an imperfo- 
rate valve might influence surgical management. 
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Fig. 1.—A, Diagram of absent right atrioventricular connection in tricuspid atresia. Atrioventricular sulcus is interposed between floor of right atrium 
(RA) and ventricular mass including rudimentary right ventricle (RV). Right atrial floor is anatomically more closely related to left ventricle (LV) than right 


ventricle. (LA = left atrium). 


B, Diagram of an imperforate atrioventricular valve with a concordant atrioventricular connection. In this rare type of right atrioventricular valve atresia, 
which may exhibit features of Ebstein’s malformation, there is potentially a direct communication between the right atrium and right ventricle. 
C, Diagram of double-inlet left ventricle with potential connection between right atrium and dominant left ventricle (LV), guarded by an imperforate 


valve. 


Subjects and Methods 


Ten ECG-gated MR examinations were performed in nine patients 
ranging in age from 7 months to 24 years (mean, 12 years). Five of 
the patients had classical tricuspid atresia with concordantly con- 
nected, normally related great arteries. Two had tricuspid atresia 
associated with discordant ventriculoarterial connection. Ebstein's 
malformation of the tricuspid valve was present in the two remaining 
patients. One patient with tricuspid atresia was studied on two 
separate occasions. 

Diagnoses were confirmed by cardiac catheterization with cinean- 
giocardiography in all but one of the nine patients. This patient, who 
refused cardiac catheterization, had clinical and echocardiographic 
findings of tricuspid atresia. 

Our ECG-gated MR imaging techniques have been described in 
detail previously [10, 11]. Seven studies were performed by using a 
single-slice technique in a 0.3-T superconducting magnet (Technicare, 
Solon, OH) that generated 1.4-cm-thick two-dimensional images. 
Three examinations were performed in a 1.0-T magnet (Siemens, 
Mississauga, Ontario) with a multiple-slice technique that produced 
images 0.5 to 1.0 cm in thickness. In all patients, multiple axial images 
were obtained that showed the atrioventricular valves during ventric- 
ular systole and diastole. In addition, coronal images were obtained 
in nine studies and sagittal slices in four. We retrospectively analyzed 
the atrioventricular valves and sulcus, the ventricular chambers, and 
the great arteries. 

Eight postmortem specimens were examined. The pathologic di- 
agnosis was tricuspid atresia in five and Ebstein's malformation of 
the tricuspid valve in three. After preliminary inspection, the hearts 
were sliced in planes similar to the MR axial scans in order to show 
the contents and full extent of the atrioventricular sulcus, the com- 
position of the floor of the right atrium, and the anatomic relationship 
of the absent or malformed atrioventricular valve to the right and left 
ventricles. 


Results 


Satisfactory images of the cardiac chambers and arterial 
trunks were obtained in all studies, and all permitted visuali- 
zation of the area of the abnormal right atrioventricular valve. 

The fat-filled atrioventricular sulcus was seen on the axial 
MR images of six of the seven patients with right atrioventric- 
ular valve atresia. The sulcus appeared as a bright linear or 
roughly triangular structure that replaced the right atrioven- 
tricular valve. In contrast to the shallow sulcus of the normal 
heart, it extended posteriorly from the anterior surface of the 
heart, reaching between the right atrium and the ventricular 
mass to the crux cordis (Fig. 2). The right coronary artery 
was identifiable within the fat of the sulcus on all three studies 
performed at 1.0 T but in none of the five scans obtained with 
the 0.3-T magnet. 

The atrioventricular sulcus of the remaining patient ap- 
peared shallow, and the right atrioventricular valve was a thin, 
imperforate membrane that continued posteriorly from its 
apex to the crux of the heart. No epicardial fat was seen in 
the region of the imperforate valve (Fig. 3). Although no 
confirmation was possible, this appearance strongly sug- 
gested a double-inlet atrioventricular connection with an im- 
perforate tricuspid valve and hence a potential connection 
between the right atrium and the dominant left ventricle. 

MR images of both patients with Ebstein’s anomaly showed 
dilation of the right atrioventricular valve ring and apical dis- 
placement of the tricuspid valve leaflets with a consequent 
decrease in cross-sectional area of the inflow portion of the 
right ventricle. In one patient, the septal leaflet of the right 
atrioventricular valve was observed to be adherent to the 
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Fig. 2.—A, Systolic, axial MR image of a nor- 
mal heart shows fat in a shallow atrioventricular 
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valves are normal. 

B, Axial MR image of a patient with absent 
right atrioventricular valve connection. Elon- 
gated atrioventricular sulcus extends posteriorly 
between right atrium (RA) and rudimentary right 
ventricle (black arrow). Coronary artery (open 
arrow) is surrounded by fat within sulcus. No 
potential right atrioventricular valve orifice is 
shown. Portion of left atrioventricular valve 
(white arrow) is visible between left atrium pos- 
teriorly and left ventricle (LV). 


Fig. 3.—Axial MR image in a patient with 
double-inlet left ventricle and an imperforate 
right atrioventricular valve (compare with Fig. 
1C). Atrioventricular sulcus (black arrow) is shal- 
low, and a thin, imperforate atrioventricular valve 
(white arrow) obstructs right atrioventricular ori- 
fice. Right atrium potentially communicates with 
dominant left ventricle (LV). There is a large atrial 
septal defect (open arrow). 


Fig. 4.—Axial MR image in a patient with 
Ebstein’s malformation of tricuspid valve show- 
ing a dilated right atrium (RA), small right ventri- 
cle, and hypertrophied left ventricle (LV). Atrio- 
ventricular sulcus (arrow) is shallow. 


ventricular septum. At the level of the atrioventricular valves, 
the right atrioventricular sulcus was extremely shallow and 
extended only to the proximal attachment of the tricuspid 
valve leaflets (Fig. 4). 

Postmortem examination of five other hearts with right 
atrioventricular valve atresia showed hypoplasia of the rudi- 
mentary right ventricle. In all of these hearts, the atrioventric- 
ular sulcus was lined by epicardium with accompanying epi- 
cardial fat sandwiched between the muscular floor of the right 
atrium and the dominant left ventricle. The right coronary 
artery and vein were seen buried within the sulcal fat (Fig. 5). 

The three hearts exhibiting Ebstein’s malformation showed 
severe malformation of the tricuspid valve and displacement 
of the mural and septal leaflets into the right ventricle. None 
of these anatomic specimens showed invagination of epicar- 
dium or fat into the atrioventricular sulcus comparable to that 
seen with right atrioventricular valve atresia. 


Discussion 


The groove or sulcus that separates the atria from the 
ventricles is lined by epicardium and filled with epicardial fat 
containing the right coronary artery and its accompanying 





vein. The depth of the sulcus in the normal heart is limited by 
the patent right atrioventricular connection. In this respect, 
the atrioventricular sulci in hearts with Ebstein's anomaly of 
the tricuspid valve were also normal. 

In hearts in which there is absence of the right atrioventric- 
ular valve connection, however, the floor of the right atrium is 
separated from the ventricular mass by a more extensively 
invaginated atrioventricular sulcus [4]. Consequently, as de- 
scribed by Rosenquist et al. [3], the right atrial dimple (the 
presumed site of the absent connection), overlies the domi- 
nant left rather than the rudimentary right ventricle. Rarely, 
rather than being absent, the right atrioventricular junction is 
formed, but the valve leaflets guarding it are imperforate. The 
imperforate valve may therefore potentially communicate with 
the right ventricle (concordant connection) or with the left 
ventricle (discordant connection), or it may participate in a 
double-inlet atrioventricular connection [2]. Hence the atrio- 
ventricular sulcus is an important landmark in differentiating 
an absent right atrioventricular connection from an imperfo- 
rate valve through which normal circulation might be estab- 
lished. 

MR is better suited to imaging of the atrioventricular sulcus 
than angiocardiography or echocardiography because of its 
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Fig. 5.—Pathologic specimen cut along the long axis of a heart with 
tricuspid atresia. Muscular floor of right atrium (RA) is separated from tiny 
rudimentary right ventricle (large white arrow) by fat within sulcus (small 
arrows), which extends to the crux of the heart. Note coronary artery and 
vein within fat anteriorly. Dimple of right atrial floor (open arrow) is anatom- 
ically related to cavity of dominant left ventricle (LV). 


ability to display the interior and exterior of the heart simul- 
taneously and because the sulcal fat appears very intense on 
the T1-weighted ECG-gated images. Indeed, our MR images 
clearly showed fat within the atrioventricular sulcus in the 
expected location of the tricuspid valve in all patients with the 
common form of tricuspid atresia. In one patient with a 
potential for double-inlet left ventricle, the atrioventricular 
sulcus appeared normal and the atretic right atrioventricular 
valve was seen as an imperforate membrane. A normal atri- 
oventricular sulcus was also shown in the patients with Eb- 
stein’s malformation. 

While we have not observed an abnormal atrioventricular 
sulcus in over 100 MR examinations of patients with a variety 
of congenital heart diseases in which the atrioventricular 
valves were present, a large amount of fat is occasionally 
observed between the right atrium and the right ventricular 
infundibulum on axial sections obtained at levels superior to 
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the atrioventricular valves. Care should be taken not to con- 
fuse this with absence of the right atrioventricular connection. 
Images obtained more inferiorly will clearly show a normal 
atrioventricular sulcus in these patients. The sulcus may also 
appear to extend more posteriorly than usual in some patients 
with right ventricular hypoplasia unassociated with atrioven- 
tricular valve atresia. We have, nonetheless, only observed 
its extension to the crux cordis in the absence of the atrio- 
ventricular connection. 

This study shows that MR can visualize abnormalities of 
the atrioventricular sulcus, as well as the size of the cardiac 
chambers and the appearance of the great arteries, and in 
previous reports MR was successful in determining viscer- 
oatrial situs, the type of ventricular loop, and the relationship 
of the great arteries [12]. All these capabilities suggest that 
MR will have a significant role in planning the surgical man- 
agement of patients with complex cardiac anomalies. 
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The Radiographic Distinction 
Between Pericardial and 
Myocardial Calcifications 





Calcification overlying the left side of the heart on a chest radiograph may involve 
either the pericardium or, alternatively, the myocardium in association with a left 
ventricular aneurysm. Distinction between these two conditions can be of great clinical 
significance. To identify distinguishing features, we reviewed the radiographs and 
medical records of 29 patients: 14 had proven calcific pericarditis and 15 had proven 
calcified left ventricular aneurysm. Pericardial calcification was found primarily over the 
right-sided cardiac chambers (14 of 14 patients) and in the atrioventricular grooves (11 
of 14), infrequently over the base of the left ventricle (five of 14), and rarely over the 
apex of the left ventricle (two of 14). When the left ventricle was involved, there was 
always more extensive calcification elsewhere in the pericardium. Myocardial calcifica- 
tion occurred predominately in the apex of the left ventricle (13 of 15 patients), although 
it was rarely confined to the posterior wall of the left ventricle (two of 15). 

By noting characteristic sites of calcium deposition, pericardial calcification can be 
effectively distinguished from myocardial calcification. Isolated calcification in the region 
of the left ventricular apex, therefore, strongly suggests left ventricular aneurysm. 


When calcification is present over the left ventricular region of the cardiac 
silhouette, the appearance can suggest either pericardial or myocardial calcification 
[1]. This distinction is important, since pericardial calcification raises the possibility 
of constrictive pericarditis [2], whereas myocardial calcification indicates the pres- 
ence of a left ventricular aneurysm, which can be complicated by chronic congestive 
heart failure and arrhythmias [3]. Pericardial calcification can be detected in 10- 
50% of cases of chronic pericardial constriction [4-6], whereas myocardial calcifi- 
cation can be detected radiographically in 3% to 7% of left ventricular aneurysms 
[f8]: 

Many authors [9-12] have described pericardial calcification over the left ventri- 
cle, but its distinction from myocardial calcification caused by ventricular aneurysm 
has not been studied in any large series. The potential for mistaking a calcified left 
ventricular aneurysm for pericardial calcification prompted us to review proven 
cases of pericardial calcification and calcified left ventricular aneurysms in an 
attempt to identify distinguishing features. 


Materials and Methods 


We reviewed the chest radiographs and medical records of 29 patients who had calcification 
in the region of the left ventricle on plain radiographs: Fourteen were proven cases of calcific 
pericarditis and 15 were proven cases of calcified left ventricular aneurysm. These cases 
were collected between 1970 and 1986, and they demonstrated cardiac calcification on both 
frontal and lateral chest radiographs. The films were reviewed jointly by two radiologists 
without knowledge of the final diagnosis. The characteristics and distribution of the calcifica- 
tions were recorded. Also noted were cardiothoracic ratios, chamber size, and cardiac 
contour. 

For the 14 patients with calcific pericarditis, there were 11 men and three women; the 














average age was 45 years (range, 18-79 years). All patients had 
surgical confirmation of calcific pericarditis. A specific cause was not 
found for the pericardial calcification in any patient. 

For the 15 patients with calcified left ventricular aneurysm, there 
were 14 men and one woman; the average age was 59 years (range, 
51-67 years). All 15 patients had a history of a myocardial infarction. 
The presence of a calcified left ventricular aneurysm was confirmed 
by cardiac catheterization in five patients, fluoroscopy in four, surgery 
in four, CT in one, and autopsy in one. Two patients were asympto- 
matic, while symptoms of chronic congestive heart failure, arrhyth- 
mias, and angina were present in the other cases. 

Criteria for fluoroscopic diagnosis of a calcified left ventricular 
aneurysm was based on calcium confined to an akinetic apex, which 
was devoid of surrounding subepicardial fat. This was distinguished 
from pericardial calcification, which is classically located immediately 
peripheral to the pulsating subepicardial fat stripe. CT criteria (appli- 
cable in three cases) for each type of calcification were based on 
defining its characteristic relationship with the subepicardial fat stripe. 
In the case of a calcified aneurysm, the calcium is interior to the fat 
stripe, which is usually destroyed and not visible. 


Results 


Calcific pericarditis demonstrated thick and coarse calcifi- 
cation in seven cases and fine calcification in the other seven. 





In all 14 cases the anterior retrosternal surface of the heart 
was involved, with extension along the diaphragmatic surface 
in 13 and along the right ventricular outflow tract and pulmo- 
nary trunk in 12 (Fig. 1). There was calcification in the atrio- 
ventricular grooves in 11 cases, over the right atrium in eight, 
and over the base of the left ventricle in five. In only two 
cases did the calcification approach or slightly involve the left 
ventricular apex. When the left ventricular apex was involved, 
there was always more extensive calcification elsewhere in 
the pericardium. The left atrium was not involved in any case. 
In all cases the calcification was heavier on the right and 
anterior surfaces than on the left and posterior ones. 

Aneurysm calcifications involved the left ventricular apex in 
13 of 15 cases (Figs. 2 and 3). Of these, calcification also 
extended to involve the anterior, lateral, and inferior walls of 
the left ventricle in six, four, and three patients, respectively. 
Only two patients developed a calcified aneurysm in the 
posterior wall of the left ventricle. 

Among the 15 patients with calcified left ventricular aneu- 
rysms, 13 showed some cardiac enlargement (cardiothoracic 
ratio >0.5) or an abnormal contour of the left ventricle asso- 
ciated with calcification. In contrast, only six of 14 patients 
with pericardial calcification showed an enlarged cardiac sil- 


Fig. 1.—Constrictive pericarditis. 

A, Posteroanterior view. Coarse cur- 
vilinear calcifications in inferior and lat- 
eral walls of heart (large arrows) as 
well as in right atrioventricular groove 
(small black arrow). Left ventricular 
apex is free of calcification. Note 
straightening of cardiac borders bilat- 
erally and mild increase in pulmonary 
vascularity. 

B, Lateral view. Calcium deposits 
over right ventricle and pulmonary 
trunk anteriorly (small arrowhead), over 
ventricles inferiorly (solid arrow), and 
within right (large arrowhead) and left 
(open arrow) atrioventricular grooves. 
Note mild left atrial enlargement. 


Fig. 2.—Large calcified antero- 
lateral apical left ventricular aneurysm 
several years after myocardial infarc- 
tion. Posteroanterior (A) and lateral (B) 
views show fine curvilinear calcifica- 
tion (arrowheads) over entire circum- 
ference of aneurysm. Note superior rim 
of calcified aneurysm curves medially 
and posteriorly toward base of left ven- 
tricle below level of pulmonary valve. 




















Fig. 3.—Left ventricular aneurysm. 
Fine, curvilinear calcification (arrow- 
heads) in left ventricular apex on pos- 
teroanterior view (A) and CT scan (B). 
Extension of calcification into distal in- 
terventricular septum (arrow) is seen 
clearly on CT. 


houette, with mild left atrial enlargement in seven patients 
and straightening of the cardiac borders in four. 


Discussion 


The distribution of pericardial calcification in our series 
supports the observations noted previously [9-11, 13-15]. 
The calcification is most common over the anterior and dia- 
phragmatic aspects of the heart with the atrioventricular 
grooves and right atrium also involved frequently. The calci- 
fications tend to involve less pulsatile right-sided chambers. 
The anteriorly located calcification may extend superiorly 
along the right ventricular outflow tract and pulmonary trunk 
and can involve the venae cavae [16]. Our findings emphasize 
that pericardial calcifications over the left ventricle occur only 
in the face of extensive calcification in the rest of the pericar- 
dium. The left atrium is almost always spared encasement or 
calcification in chronic pericarditis [11, 17]. The lack of peri- 
cardial investment over the left atrium and the presence of 
the pulmonary veins may prevent the spread of inflammation 
to this area. In fact, the posterior wall of the left atrium is 
separated from the pericardial space by the intervening 
oblique sinus [18]. The absence of a calcified, scarred peri- 
cardium permits the left atrium to dilate in the face of constric- 
tion [9, 19], and this appearance can mimic mitral stenosis. 

Curvilinear calcification at the left ventricular apex strongly 
suggests the presence of an aneurysm. This distribution of 
calcification coincides with the typical location of left ventric- 
ular aneurysms, which are usually located at the apex and 
often involve the anterior and lateral walls [3]. As we found in 
our series, other authors have noted these calcifications to 
be fine and curvilinear, and usually associated with an abnor- 
mal left ventricular contour [20]. Trauma, cardioversion, infec- 
tion, and endocardial fibrosis [12] are rare causes of coarse, 
amorphous myocardial calcifications, which are distinct from 
the fine, curvilinear calcifications of a left ventricular aneurysm. 

The appearance of a large, calcified aneurysm can be 
confusing. One useful finding on the lateral chest radiograph 
is that the calcification curves posteriorly below the level of 
the pulmonary valve, unlike pericardial calcification, which 
extends along the pulmonary outflow tract. 

In summary, our study suggests that pericardial calcification 
occurs primarily over the right-sided cardiac chambers and 








the atrioventricular grooves; uncommon involvement over the 
cardiac apex is always associated with extensive calcification 
elsewhere in the pericardium. The extension of pericardial 
calcification over the pulmonary outflow tract is an important 
finding in the lateral projection. Isolated and curvilinear calci- 
fication in the region of the left ventricular apex, with or 
without an associated contour bulge, strongly suggests the 
presence of a left ventricular aneurysm. 
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Case Report 





Tension Pneumopericardium: An Unusual Manifestation of 
Invasive Pulmonary Aspergillosis 


Nestor L. Muller,’ Roberta R. Miller,2 David N. Ostrow,? Bill Nelems,* and Linda M. Vickars® 


Invasive pulmonary aspergillosis is a necrotizing pneumo- 
nitis frequently seen in immunocompromised hosts, particu- 
larly patients who have had chemotherapy for lymphoma and 
leukemia. The Aspergillus characteristically invades branches 
of the pulmonary artery, leading to thrombosis and hemor- 
rhagic infarction [1]. Radiographic findings include areas of 
consolidation with or without cavitation [1]. The cavitating 
lesions may contain loose bodies that represent necrotic lung 
rather than fungus balls [2]. As the necrotic lung retracts, air 
fills in the space between the dead tissue and the remaining 
lung, resulting in the “air crescent” sign on the radiograph 
[2]. Pulmonary aspergillosis may be associated with blood- 
stream dissemination of the infection; however, involvement 
of the heart or pericardium seldom is observed [3]. We 
describe a case of tension pneumopericardium resulting from 
invasive pulmonary aspergillosis that developed after bone 
marrow transplantation in a patient with myelogenous leuke- 
mia. At autopsy, there was complete ischemic infarction of 
the medial basal segment of the left lower lobe, adjoining 
pleura, and pericardium and a bronchopericardial fistula. 


Case Report 


A 40-year-old man underwent bone marrow transplantation for 
chronic myelogenous leukemia. One week after transplantation, areas 
of air-space consolidation developed in the lingula and left lower lobe. 
Aspergillus was cultured from the sputum, and the patient was started 
on amphotericin. There was only partial resolution of the pulmonary 
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infiltrates. Clinically, the patient remained asymptomatic until 26 days 
after transplantation when rapidly progressive dyspnea developed. 
He had increased consolidation in the left lower lobe and lingula at 
this time and marked consolidation in the right lung. Examination of 
specimens obtained via open lung biopsy of the right middle and 
lower lobes showed cytomegalovirus. The patient was started on an 
experimental anticytomegalovirus drug (1,3-dihydroxy-2-propoxy- 
methylguanine). He seemed to be improving clinically and radiologi- 
cally when 1 week later spontaneous pneumopericardium without 
pneumothorax developed (Fig. 1). This was associated with pulsus 
paradoxus and hypotension, denoting the presence of pericardial 
tamponade. 

A catheter was inserted into the pericardial space, and the tam- 
ponade was relieved partially. However, the patient remained hypo- 
tensive. Selective intubation of the right mainstem bronchus was 
performed. Because the left lung was completely excluded from 
ventilation, complete resorption atelectasis soon developed, and the 
fistula was minimized. The patient remained hypotensive, acidotic, 
and hypercarbic. He therefore underwent emergency left pericardiec- 
tomy. When the pericardium was opened, air under pressure burst 
out, and the patient's blood pressure immediately rose from 60 mm 
Hg systolic to 120 mm Hg systolic as the cardiac tamponade by air 
was released. A 2.5-cm pericardial window was formed, creating a 
pericardial-pleural fistula. A chest tube was introduced and placed 
immediately opposite the fistula in the pericardium. The patient re- 
turned to the intensive care unit in stable condition. The portion of 
the pericardium removed at surgery showed fibrinous exudate and 
the presence of Aspergillus fumigatus. Two days later, the patient 
died after an episode of massive hemorrhage through both his 
endotracheal tube and his chest tube. 
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At autopsy, the lingula was retracted and contained several As- 
pergillus abscesses. The pericardium was fused to the medial left 
pleura. The medial basal segment of the left lower lobe and the 
adjoining pericardium were entirely converted to an Aspergillus infarct 
(Fig. 2). This infarct had become avulsed from the rest of the lower 
lobe, so the medial basal bronchus ended blindly in a space that 
represented the bed of the necrotic tissue (Fig. 3). This space was 





Fig. 1.—Chest radiograph shows a pneumopericardium and bilateral 
air-space consolidation. A cavitating lesion in left lower lobe (arrows) was 
shown at autopsy to represent infarction of entire medial basal segment 
of left lower lobe. 


Fig. 2.—Gross specimen of entire left lung, 
medial aspect, with adherent parietal pericar- 
dium. A cavitating lesion (arrows) contains a 
soft-tissue nodule that represents the infarcted 
medial basal segment of left lower lobe (curved 
arrow). Probe in pericardial window created at 
surgery is 5 cm away from infarcted area, ex- 
plaining why area of infarction was not seen at 
time of surgery. 


Fig. 3.—Lung specimen cut in transverse 
plane at level of origin of medial segmental bron- 
chus of left lower lobe. Probe is in medial seg- 
mental bronchus and confirms that bronchus 
ended blindly in the cavity. This cavity contained 
infarcted lung, which therefore represents the 
entire medial basal segment. Adherent pericar- 
dium was also infarcted. 





TENSION PNEUMOPERICARDIUM IN ASPERGILLOSIS 679 


continuous with the pericardial space but walled off from the pleural 
space by the pericardial fusion. The event of avulsion was the cause 
of the pneumopericardium. Rupture of the branch of the pulmonary 
artery to the medial basal segment led to the terminal event. Whereas 
the pericardium overlying the medial basal segment was infected and 
infarcted, the adjoining pericardium was infected but not infarcted, 
indicating that the adherent pericardium had derived its blood supply 
from the adjacent pleura and lung. The whole pericardium and epi- 
cardial surface was covered by Aspergillus organisms, which did not 
invade the myocardium. 


Discussion 


Pneumopericardium is an unusual occurrence. Most cases 
result from trauma. Approximately 25% are related to disease 
in contiguous organs, usually the lungs but also the esopha- 
gus and stomach [4]. When the air collection is small, pneu- 
mopericardium is asymptomatic and does not require specific 
treatment [4, 5]. If, however, the air collection is large and 
under pressure (tension pneumopericardium), decompression 
and drainage may be required. 

The mechanism of development of tension pneumopericar- 
dium depends on the underlying cause [6]. Tension pneu- 
mopericardium is observed in newborns receiving ventilatory 
support and occasionally is seen in adults; in the latter it is 
due to either trauma or contiguous organ disease [4-6]. In 
our patient, the pneumopericardium resulted from direct com- 
munication between the medial basal bronchus and the peri- 
cardium. Tension presumably developed because of a valve 
mechanism that allowed air to enter the pericardial space but 
not to egress. 

The radiographic findings of pneumopericardium have been 
reviewed by Cimmino [7]. The pericardium is sharply outlined 
by air that surrounds the heart and does not extend above 
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the level of the pericardial reflection on the proximal vascular 
pedicle. Mirvis et al. [6] described four patients with posttrau- 
matic tension pneumopericardium who had sudden decreases 
in cardiac size. After surgical relief of the tension, cardiac size 
returned to baseline dimensions. This “small heart” sign is 
potentially useful in diagnosing pneumopericardium and car- 
diac tamponade. It was not observed in our patient. 

Although pulmonary aspergillosis is not uncommon in im- 
munocompromised patients, pleural complications of these 
lesions are surprisingly unusual. Albelda et al. [8] described a 
single case of bronchopleural fistula resulting from invasive 
aspergillosis. Aspergillus pericarditis is also an unusual oc- 
currence. In a review of six such cases, Walsh and Bulkley 
[3] found that rupture of myocardial Aspergillus abscesses 
was responsible in four cases, and contiguous pleuropulmon- 
ary aspergillosis was responsible in two cases. 
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Detection of Pleural 
Effusions on Supine Chest 
Radiographs 





A prospective analysis of anteroposterior supine radiographs in 34 patients was 
undertaken to determine the detectability of pleural effusions on supine radiographs. 
The presence of pleural effusions and quantity of fluid (small, moderate, or large) were 
evaluated by using the following radiographic signs: increased homogeneous density 
superimposed over the lung, loss of the hemidiaphragm silhouette, blunted costophrenic 
angle, apical capping, elevation of the hemidiaphragm, decreased visibility of lower- 
lobe vasculature, and accentuation of the minor fissure. Decubitus radiographs were 
performed to identify and to estimate the quantity of pleural fluid. Sixty-two hemithoraces 
were evaluated by three observers. From a total of 36 pleural effusions shown on 
decubitus views, 24 were correctly identified on supine radiographs (sensitivity of 67%, 
specificity of 70%, and accuracy of 67%). The most frequent but least specific criterion 
for detecting pleural effusions on supine radiographs is blunting of the costophrenic 
angle. Other helpful signs include loss of the hemidiaphragm and increased density of 
the hemithorax. A normal supine radiograph does not exclude a pleural effusion. 

Our results show that supine radiographs are only moderately sensitive and specific 
for the evaluation of pleural effusions. 


Routine use of supine positioning for portable chest radiographs is controversial. 
Although supine radiographs are easier to take and potentially more reproducible, 
the accuracy of diagnosis of pleural effusion, pneumothorax, and other disorders 
has not been shown [1-4]. In a study of supine radiographs in patients with known 
effusions, Woodring [5] concluded that supine radiography shows 91% of small 
effusions and 100% of moderate and large effusions. The following study was 
undertaken because our clinical experience differed from these results [5]. 


Materials and Methods 


Supine anteroposterior radiographs were obtained for 34 patients who also had decubitus 
radiographs for suspected pleural eftusions. Both anteroposterior supine radiographs and 
decubitus radiographs were taken with a 40-in. (102-cm) target-film distance. Both types of 
radiographs were taken on inspiration [6]. The supine radiographs were randomized and 
independently evaluated by three experienced observers. Previously published criteria were 
used to detect pleural fluid [5]: (1) an increased homogeneous density superimposed over 
the lung in which the visibility of normal bronchovascular markings is maintained and in which 
there is no evidence of consolidation or collapse [7]; (2) loss of the normal silhouette of the 
hemidiaphragm [8]; (3) sharp or indistinct blunting of the lateral costophrenic angle (meniscus 
sign); (4) apical capping [9]; (5) apparent elevation of the hemidiaphragm [10]; (6) decreased 
visibility of the lower-lobe vascularity below the level of the hemidiaphragm [10]; and (7) 
thickening of the right minor fissure [9]. The observers examined each hemithorax image for 
these radiographic features. Also, each observer predicted the presence or absence of pleural 
fluid on the basis of the combination of signs present in each case, and evaluated the effusions 
as small, moderate, or large. Disagreements between observers were resolved by another 
review of the radiographs and mutual consensus. In most cases, disagreements resulted 
from quantification differences. The observers did not know the results of previous radio- 
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graphs or decubitus radiographs. The interpretations of supine radio- 
graphs were compared with the results of decubitus radiographs. 

In 28 patients, bilateral decubitus views were obtained. In six other 
patients, only one decubitus view was available. Thus, 62 hemithor- 
aces were available for evaluation. The pleural effusions were quan- 
tified on the basis of the findings on the decubitus radiographs. The 
widest measurement of pleural fluid from the inner wall of the chest 
to the free-fluid edge was used to quantitate effusions. If no layering 
of fluid occurred, the decubitus radiograph was considered negative 
for free pleural fluid. For fluid quantification, small effusions were 
those that were smaller than 1.5 cm in width, moderate effusions 
ranged from 1.5 to 4.5 cm, and large effusions were those that were 
larger than 4.5 cm in width. 


Results 


On the basis of the decubitus views, no pleural effusions 
were detected in 26 hemithoraces. A total of 36 pleural 
effusions was detected: small effusions in 16, moderate ef- 
fusions in 13, and large effusions in 7. Eight effusions were 
isolated to the right hemithorax, eight were isolated to the left 
hemithorax, and in 10 patients the effusions were bilateral. 

Of the 26 hemithoraces without free pleural fluid, 18 (69%) 
were correctly identified as having no effusion on the antero- 
posterior supine radiographs. Eight (81%) were incorrectly 
judged to have small effusions. In all eight cases that were 
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incorrectly diagnosed, blunting of the costophrenic angle was 
seen. Other misleading findings included elevation of the 
hemidiaphragm and decreased visibility of vessels in the lower 
lobes. 

Of the 36 pleural effusions present on decubitus views, 24 
(67%) were identified on supine radiographs. Twelve (33%) 
were incorrectly judged to have no effusions (Fig. 1). Of the 
false-negative studies, nine had small effusions and three had 
moderate effusions on decubitus examinations. Of the 24 
effusions identified, six were correctly graded as small, four 
as moderate, and another four as large. In the remaining 10, 
pleural effusions were identified but incorrectly quantitated. 
Six effusions that were interpreted as small on supine radio- 
graphs appeared moderate on decubitus radiographs, one 
graded as small was large on decubitus examination, and two 
graded as moderate were large on decubitus examinations. 
Thus, nine effusions were underestimated on supine exami- 
nations. One effusion was judged moderate but measured 
small on decubitus examination. 

The major findings on supine radiographs in the 16 small 
pleural effusions included blunted costophrenic angles (56%), 
apical capping (38%), and loss of the hemidiaphragm (31%). 
Of the 13 moderate pleural effusions, 85% had blunted cos- 
tophrenic angle, 62% had loss of the hemidiaphragm, and 
54% had elevation of the right hemidiaphragm. The major 


Fig. 1.—False-negative examination. 

A, Supine view of right hemithorax shows no 
evidence of pleural effusion. 

B, Decubitus view shows moderate-sized 
right pleural effusion (arrows). 
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TABLE 1: Supine Radiographs—Observations 


Increased 
; Total Loss of 
Effusion Size Density of cp 
Effusions Kemhan Hemidiaphragm 
Noneffusion 26 1 (4) 3 (12) 
Small (<1.5 cm) 16 4 (25) 5 (31) 
Moderate (1.5-4.5 cm) 13 6 (46) 8 (62) 
Large (>4.5 cm) 7 6 (86) 6 (86) 
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Blunted Decreased 
: Apical Elevated eat Minor 
Costophrenic oe Visibility of „=; k 
Angle Cappng Hemidiaphragm AAA Fissure 
8 (31) 2 (8) 7 (27) 6 (23) 0 (0) 
9 (56) 6 (38) 0 (0) 3 (19) 1 (14) 
11 (85) 4 (31) 7 (54) 6 (46) 1 (20) 
7 (100) 4 (57) 3 (43) 7 (100) 3 (50) 


Note.—Numbers are numbers of cases; numbers in parentheses are percentages. Total effusions are based on decubitus radiograph results. 
a In total, 18 pleural effusions were found in the right hemithorax: seven small, five moderate, and six large. Percentages in this column are based on these 


numbers. 


findings in the seven large effusions were blunted costo- 
phrenic angle and decreased visibility of lower-lobe vessels in 
100%, and loss of the hemidiaphragm and increased density 
of the hemithorax in 86%. Three or more criteria were present 
in 31% of cases with small effusions, in 77% with moderate 
effusions, and in 100% of cases with large effusions (Table 
1). 

On supine radiographs, unilateral effusions were identified 
as unilateral in 83%, bilateral in 8%, and absent in 8%. 
Bilateral effusions were correctly diagnosed as bilateral in 
30%, unilateral in 50%, and absent in 20%. 

The sensitivity for detecting pleural effusions on supine 
radiographs was a moderate 67%; specificity was 70%; over- 
all accuracy was 67%. 


Discussion 


Approximately one million patients develop pleural effusions 
each year [11]. These effusions complicate a variety of prob- 
lems involving pulmonary, cardiovascular, abdominal, or renal 
systems; they may be seen with drug reactions or may result 
from surgical procedures. Thus, pleural effusions are com- 
mon, especially in critically ill patients, and result from numer- 
ous causes [3]. The demonstration of a pleural effusion rarely 
implies a specific diagnosis. Aspiration of the fluid is often of 
diagnostic value. Supine radiographs are commonly per- 
formed in critically ill patients; some radiologists advocate the 
supine position as a standard for chest radiographic evalua- 
tion. The supine examination is more easily performed than 
the upright radiograph, which requires moving the patient, 
angling the tube, and moving the bed. All these factors may 
account for marked variability in patient position and radio- 
graph quality. Nevertheless, routine use of supine radiographs 
is only justified if the common problems in critically ill patients 
are evaluated as well on supine positioning as they are on an 
erect examination. As judged by our results, the supine 
radiograph is neither sensitive nor specific in the detection of 
pleural effusions. Nor were the supine radiographs accurate 
for estimating the size of the pleural effusion; interpretations 
often underestimated the size of pleural-fluid accumulation. 
Although all large pleural effusions were identified on the 
supine radiograph, only four were identified as large and the 
other three were underestimated. Pleural effusions were 
underestimated because of the subtlety or the absence of 


findings on the supine radiographs. For example, in six cases 
(38%) of small effusions and in two cases (15%) of moderate 
effusions, no individual signs of pleural fluid were present. 
Bilateral effusions were more difficult to identify because the 
advantage of having a normal hemithorax for comparison was 
lost. 

In contrast to the study by Woodring [5], we also evaluated 
the supine radiographs for fluid in patients who had no 
detectable effusions on decubitus radiographs. Numerous 
radiographic signs suggestive of pleural effusions on the 
supine radiographs were seen in those patients. This is not 
surprising in the critically ill patient in whom atelectasis, con- 
solidation, or previous disease might mimic pleural effusions. 
Certain radiographic signs suggestive of fluid accumulation 
may actually be enhanced by the supine position. For exam- 
ple, increased density of the hemithorax may be due to the 
breasts, adipose tissue, or skinfolds. Similarly, an elevated 
diaphragm and decreased visibility of the lower-lobe vessels 
may result from a shift of the abdominal contents, especially 
the liver, in the supine position. 

The value of the supine chest examination for routine use 
has not yet been determined. However, this study shows 
that, for pleural-fluid evaluation, the supine radiograph is only 
moderately sensitive and specific. 
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Nuclear Techniques in Diagnostic Medicine. Edited by P. P. van Rijk. The Hague, The Netherlands: Nijhoff, 527 
pp., 1986. $156.50 


The stated intentions of this book are two-fold. The first section is 
dedicated to basic science and technology and offers an understand- 
ing of the possibilities and limitations of investigations that make use 
of radioactive materials. The second section attempts to show how 
nuclear medicine can aid in solving clinical problems. The work is 
intended for radiologists, nuclear medicine physicians, medical spe- 
cialists, and physicians-in-training. Each of the 14 chapters was 
contributed by an expert in the field. However, the emphasis of some 
chapters is inappropriate for the level of sophistication and speciali- 
zation of the intended audience. This may be a result of variations 
among North American and European contributors with diverse ex- 
pertise. 

The first chapter is a concise description of the principles involved 
in measurement and instrumentation of radioactivity. It contains nu- 
merous graphs, equations, and drawings, but offers only limited 
discussion. The second chapter on nuclear imaging devices has much 
more explanation and is, therefore, more valuable to the nontechnical 
audience. Subsequent chapters on radiopharmaceuticals, radiation 
dosimetry, and digital data acquisition and processing are well-writ- 
ten, interesting, and informative. 

It is the clinical half of the book that most noticeably fails to meet 
the stated objectives. The editing in this portion of the work is 
generally below average. In addition to typographic mistakes there 
are some unusually glaring errors, such as two images on page 395 
that are upside down, and one image on page 425 that is sideways. 
Furthermore, editorial policy regarding the timeliness of the material 
seems lax. Most of the references in the text, with a few noted 
exceptions, are from before 1980. Typical of this weakness is the 
chapter on tumor localization, which offers no discussion of work 
done after the late 1970s. 

In contrast to the above, some of the chapters are quite erudite; 
however, they lack utility for the practicing clinician. For instance, the 
chapter on bone disease is devoted solely to the discussion of the 
mechanism of bone uptake of radionuclides, without any clinical 


discussion. The chapter on lung scintigraphy concerns itself in great 
detail with the quantitative aspects of lung function (e.g., radiospi- 
rometry, ventilation index, and ventilational perfusion quotient), but 
offers only passing mention of perfusion imaging and the frequently 
problematic diagnosis of pulmonary embolism. The section on nuclear 
gastroenterology is particularly poor and includes only limited discus- 
sion of liver/spleen, salivary, gastric, and hepatobiliary studies. The 
author dwells unnecessarily on pancreatic imaging, images of situs 
inversus, and gallstone, as seen on a liver/spleen scan. These topics 
are of no value to the modern-day practitioner. Effort would have 
been better spent on discussion of gastrointestinal bleeding, which 
was completely omitted. 

On the other hand, the chapters on scintigraphy of the thyroid, 
parathyroid, and adrenal glands, and the cardiac chapter offer a 
worthwhile overview and reasonably current summary suitable for 
interested clinicians. The final chapter on hematology includes sec- 
tions on blood-volume determinations, red-cell life spans, iron kinetics 
and lymph node scanning, labeled platelets, white blood cells, and 
fibrinogen studies. Most of these discussions are theoretical; how- 
ever, sufficient clinical examples and appropriate references are in- 
cluded. 

While this book offers a fundamental understanding of the basic 
principles of nuclear medicine diagnostic techniques, it falls short of 
the mark in the area of clinical imaging applications. The work has 
definite value as a reference suitable for a departmental library. 
However, its usefulness to the practicing clinician is somewhat limited 
because of the emphasis on relatively uncommon applications, such 
as radiospirometry, and the omission of numerous commonplace 
imaging techniques, such as gastrointestinal bleeding studies, bone 
scans, and infection scanning with ''In-labeled leukocytes or Ga. 
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Thoracic CT in Detecting 
Occult Disease in Critically 
Iil Patients 





Bedside chest radiography is important in the detection of thoracic disease in critically 
ill patients. Unfortunately these studies are often of poor technical quality and are 
frequently difficult to interpret. Eighty-seven bedside chest radiographs and concurrent 
thoracic CT scans obtained in 56 critically ill patients over a 20-month period were 
interpreted retrospectively and independently. In most cases, the studies were obtained 
to search for a source of sepsis, fever, or unexplained clinical deterioration. In this 
series, thoracic CT added significantly more diagnostic information in 61 (70%) of these 
studies than was available from the corresponding bedside radiographs. 

Despite the difficulties of transporting critically ill patients for CT and the significant 
cost, our results suggest that the improved rate of detection of unsuspected thoracic 
disease justifies the use of CT when bedside radiographic examinations fail to ade- 
quately explain the clinical findings. 


The bedside radiologic examination of the chest is currently used in most critical 
care units to assess the position of support apparatus and physiologic monitors 
and to evaluate for interval development of parenchymal infiltrates, atelectasis, 
effusions, and pneumothorax. Bedside studies are used to exclude iatrogenic 
complications arising from interventions such as central line or thoracostomy tube 
placement. In many centers, the bedside chest examination is performed daily or 
more often. Unfortunately, the quality of the bedside chest examination is often 
compromised by (1) the limited power output of mobile equipment leading to 
inadequate exposure, (2) respiratory motion, (3) underinflation of the lungs, (4) 
rotation, and (5) variation in technique and target-film distance between studies 
a: 

Because of its greater contrast discrimination and ability to image the body in 
axial sections, CT improves the detection of thoracic disease involving the medias- 
tinum, pleural and subpleural spaces, and chest wall when compared with conven- 
tional radiography [3-6]. Also, CT can detect parenchymal pulmonary nodules and 
other parenchymal disease before they can be seen on plain radiographs [7-10]. 

To ascertain the diagnostic advantages that CT may provide over the bedside 
examination in the evaluation of critically ill patients with clinically suspected thoracic 
disease, we undertook a review of all thoracic CT studies performed over a 20- 
month period in patients from our critical care units and compared the information 
obtained with that available from analysis of the corresponding bedside chest 
radiograph. 


Materials and Methods 


From January 1985 to August 1986, 87 chest CT examinations were performed in 56 
patients from the critical care recovery facility of the Shock-Trauma Center of the University 
of Maryland Hospital. The patients were all recuperating from major multisystem trauma. 
They were 16-81 years old (mean, 33.3) and included 43 men and 13 women. Chest CT was 
requested to evaluate for a possible source of sepsis or persistent fever (48), to evaluate for 
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mediastinal or extrapleural hematomas (six), to exclude an esopha- 
gopleural fistula (one), or to explain an abnormality in the cardiac 
contour on chest radiography (one). Two or more CT studies were 
performed in 16 patients. The corresponding chest radiographs ob- 
tained the same day as the thoracic CT scans were interpreted 
independently and without knowledge of the CT results. All exami- 
nations were reviewed by three radiologists without knowledge of 
the clinical outcome, and interpretations were reached by consensus. 

Empyema was suspected if there was loculated pleural fluid with 
or without gas bubbles or air-fluid levels. Enhancement of the pleura 
surrounding a loculated pleural fluid collection after IV administration 
of contrast material was considered highly suggestive of empyema. 
A thick-walled pulmonary parenchymal cavitation with an air-fluid level 
that changed with position was necessary for the diagnosis of lung 
abscess. Traumatic lung cyst was diagnosed if a thin-walled, air-filled 
cystic cavity was present without surrounding parenchymal infiltrate. 

CT studies were performed on a GE 9800, CGR 10,000, or a 
Pfizer 0450 scanner. Scans were obtained from the level of the 
sternoclavicular joints to below the diaphragms at 1-cm contiguous 
intervals. Although most patients were studied without IV contrast 
enhancement, in 12 studies IV contrast material was administered by 
using a 50-ml bolus and drip infusion of diatrizoate sodium/meglumine 
(Hypaque 76) to evaluate suspected mediastinal abnormalities or 
possible empyema detected on the unenhanced study. 

The clinical records from all patients were subsequently reviewed 
by the critical care staff to assess any additional information affecting 
diagnosis or management that was provided by the CT examination 
as compared with the bedside chest radiograph. 


Results 


From a total of 87 CT scans, 61 (70%) added useful 
information not available from the corresponding chest radio- 
graphs. In 15 instances (17%), the CT study revealed findings 
suggestive of empyema in one or both pleural spaces (Fig. 
1). Aspiration or thoracotomy confirmed empyema in nine 
cases, while three patients were found to have serosanguin- 
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ous pleural collections without bacterial growth. Two patients 
with confirmed bacterial sepsis were treated conservatively 
with antibiotics with clinical improvement. One patient im- 
proved clinically without aspiration of the pleural fluid collec- 
tion or specific alteration in therapy. 

Large pleural effusions in one or both pleural spaces in 11 
patients (13%) were unsuspected on bedside radiographs 
(Fig. 2). In 13 patients (15%), thoracostomy tubes were 
observed to be malpositioned or occluded with debris requir- 
ing repositioning or replacement to adequately drain existing 
pleural fluid accumulations. Moderately sized pneumothora- 
ces were detected in six patients by CT, requiring placement 
of additional thoracostomy tubes. Four patients had paren- 
chymal lung abscess detected by CT that were all confirmed 
by clinical course and sputum analysis (Fig. 3). In two patients 
with severe adult respiratory distress syndrome of long du- 
ration, CT revealed the development of bronchiectasis ex- 
plaining prolonged febrile courses. Pericardial thickening and/ 
or pericardial effusions were detected in five patients by CT. 
Two of these patients had previous transsternal thoracoto- 
mies suggesting the development of postpericardiotomy syn- 
drome, and another had unexplained atrial arrhythmias. 

Significant differences in extent of disease or response to 
therapy between serial CT and serial bedside chest radio- 
graphs were present in 9 patients (10%), including four with 
follow-up evaluations of empyema, two with adult respiratory 
distress syndrome, two with pericardial thickening, and one 
with a parenchymal lung abscess. 

Other findings demonstrated by CT included a chest wall 
abscess (one), herniation of lung parenchyma through defects 
in the chest wall (one) (Fig. 4), pneumoperitoneum (one), 
parenchymal traumatic lung cysts (four), cavitating lung he- 
matomas producing hemoptysis (one) (Fig. 5), mediastinal 
hemorrhage producing abnormality of the mediastinal contour 
(one), an expanding extrapleural hematoma suggested by 


Fig. 1.—CT detection of empyema in 21-year-old trauma patient with 
persistent fever. 

A, Supine chest radiograph. Diffuse, patchy parenchymal infiltrate inter- 
preted as adult respiratory distress syndrome and/or pneumonia. 

B, CT scan of thorax on the same day reveals loculated air-fluid collec- 
tion with gas bubbles in left pleural space interpreted as empyema and 
confirmed by aspiration. Supine bedside chest radiographs gave no indi- 
cation of empyema. 
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high CT density leading to detection of active bleeding from 
the thyrocervical trunk by arteriography (one), lobar atelec- 
tasis (six), pneumonia (four), and incidental mass lesions of 
unconfirmed identity (two). 


Discussion 


Chest radiographs constitute the majority of bedside radio- 
logic examinations performed in the intensive care unit [2]. 
Usually these studies must be obtained in the anteroposterior 
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Fig. 2.—CT detection of large pleural effusions in 69-year-old patient 
with persistent hypoxemia. 

A, Supine chest film interpretation was diffuse interstitial and alveolar 
infiltrates compatible with sequelae of adult respiratory distress syndrome. 
No effusion was suggested. 

B, CT scan at level of aortic arch shows large, bilateral, low-density 
pleural effusions with compressive atelectasis (arrows). Subsequent as- 
piration of sterile serous effusions led to improved arterial blood gases. 


Fig. 3.—CT detection of abscess in 18-year-old patient with persistent 
fever. 

A, Supine bedside chest radiograph interpretation was vague infiltrate 
vs contusion in lateral portion of right middle lung field and possible left 
lower lobe partial atelectasis. 

B, CT scan at level of carina on the same day revealed two contiguous, 
thick, irregularly walled cavitations with air-fluid levels and faint surround- 
ing infiltrate interpreted as lung abscesses. Subsequent sputum analysis 
showed polymicrobial growth consistent with abscess. 


supine projection because of the severity of the patient's 
illness, and the quality of the studies is frequently compro- 
mised by technical factors and lack of patient cooperation. In 
previous reports, bedside studies have been shown to be 
technically compromised in the intensive care setting in 6- 
37% of examinations [11]. A recent survey of portable inten- 
sive care unit studies in our institution revealed that 12.5% 
were technically suboptimal (Thommen M, unpublished data). 
Although additional views, such as decubitus or lateral, may 
add information to the anteroposterior view, these also, in our 
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experience, are often of limited quality for the reasons men- 
tioned above. 

CT has been shown to have many advantages over porta- 
ble radiographs in the evaluation of thoracic disease in criti- 
cally ill patients [1, 10, 12-15]. CT can be helpful in localizing 
thoracic disease, in evaluating complex pleural disease, and 


AJR:148, April 1987 





Fig. 4.—CT demonstration of lung herniation through thoracic wall in 
69-year-old patient with left flail chest and repair of traumatic aortic rupture. 

A, Bedside chest radiograph interpretation was linear atelectasis in 
middle left lung, multiple rib fractures, and subcutaneous emphysema of 
left chest wall (arrow). 

B, CT scan to exclude expanding hematoma at site of aortic repair 
reveals two sites of herniation of lung parenchyma through thoracic wall 
(arrowheads). Left anterior chest wall defect was subsequently repaired. 





Fig. 5.—CT demonstration of cavitating pulmonary hematomas in 16- 
year-old patient with fever and gross hemoptysis after blunt decelerating 
chest trauma. 

A, Supine chest radiograph interpretation was bilateral lower lobe infil- 
trates. 

B, CT scan through lower lobes on the same day interpreted as multiple 
parenchymal hematomas (CT number 50-80 H), some with cavitation, lower 
lobe infiltrates, and possible infection of cavitating hematomas (arrows). 
Malpositioned right chest tube is seen in fissure. Follow-up CT scan 
revealed resolution of hematomas. No infection was documented clinically. 


in demonstrating mediastinal and chest wall disease not de- 
tected by radiographs [15]. Pugatch et al. [10] studied 75 
patients with combinations of pleural and parenchymal ab- 
normalities. In one-third of patients, the CT study contributed 
information that directly influenced patient management and 
in another one-third led to improved understanding of the 
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radiographic appearance. Roddy et al. [1] found that thoracic 
CT contributed new information not available from the bedside 
radiograph that substantially altered patient course in five 
(26%) of 19 studies. 

In our series of 87 CT studies in 56 patients, CT added 
information affecting diagnosis or management in 70% of the 
studies and in 40 (71%) of 56 patients. The increased value 
of thoracic CT in our series may reflect the use of more 
current CT equipment than was used in previous studies. In 
addition, the increased frequency of underlying diffuse paren- 
chymal disease due to adult respiratory distress syndrome, 
pulmonary contusion, or diffuse aspiration in our critically ill 
population of major trauma victims may have further reduced 
the accuracy of bedside chest radiographs than might have 
been the case for the general population of intensive care 
patients. 

Previous studies have confirmed the value of CT in detect- 
ing and differentiating empyema and pulmonary abscesses 
[13, 14, 16]. The ability of CT to show considerably more 
pleural effusion than is revealed by portable radiography has 
been emphasized by Goodman and Teplick [15]. Large, sym- 
metric, posteriorly layering pleural effusions or effusions col- 
lecting in the subpulmonic or posterior costophrenic sulcus 
may, in part, account for difficulties in detection by portable 
radiography. Mirvis et al. [13], Maurer et al. [17], and Stark 
et al. [18] found frontal radiographs to be inadequate for 
showing malpositioned and/or occluded thoracostomy tubes 
that are subsequently recognized by CT. Finally, the detection 
of occult pneumothoraces in critically ill patients by CT has 
been emphasized in recent reports [19-21]. The results of 
our retrospective review of CT studies in a population of 
critically ill patients confirm these observations. 

Our study did not evaluate the potential value of sonogra- 
phy in the detection of occult lung disease in the critically ill 
patient. In our experience, sonography is frequently difficult 
to perform in a population of multitrauma patients because of 
overlying bandages and open wounds. Further, such patients 
often are immobilized in traction, making positioning difficult. 
We reserve portable sonographic assessment of the pleural 
space for patients who cannot be transported to the CT suite 
and occasionally as a guide to aspiration of suspicious fluid 
collections shown by bedside radiography. 

In summary, a retrospective review of thoracic CT studies 
in 56 critically ill patients demonstrated that CT usually offers 
valuable information not provided by bedside portable radiog- 
raphy and leads to changes in diagnosis and management. 
While the high cost of CT compared with bedside radiography 
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and the risks of transporting critically ill patients must be 
considered, in most cases these disadvantages are balanced 
by the additional information obtained, particularly when chest 
radiographs fail to adequately explain the clinical course. 
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Radiologic and Pathologic 
Abnormalities of the Trachea 
in Older Patients with Cystic 
Fibrosis 





The possibility of tracheal enlargement in older patients with cystic fibrosis was 
investigated by examining chest radiographs of 42 living adults (age range, 30-45 years) 
who had the disease and by performing postmortem studies (anatomic and histologic) 
on the tracheas of older adolescents and young adults (age range, 15-33 years) who 
died with the disease. Anteroposterior tracheal diameters were enlarged in 41 of the 
living adults. The average diameter was 1.3 + 0.9 SD standard deviations above the 
mean for normal subjects. These increases did not correlate with severity of pulmonary 
disease as judged radiographically. Enlargement seemed to have developed slowly, 
over many years or decades. A few tracheas were grossly irregular in outline. One 
patient had a severely increased transverse diameter of 4.7 standard deviations above 
the normal mean. The average transverse diameter was 0.3 + 1.1 SD standard deviations 
above the normal mean. The tracheas of adults and older adolescents who had died 
with cystic fibrosis were abnormally flaccid. Some collapsed suddenly during deflation. 
Microscopic examination showed instances of severe inflammation, focal epithelial 
metaplasia, hypertrophy and hyperplasia of the mucous glands, degenerative changes 
in the muscle of the pars membranacea, and death of cartilage cells. The structural 
changes shown histologically and the many decades of frequent, vigorous coughing 
may be important in the enlargement of these tracheas and their flaccidity. 


Observant radiologists have long suspected that some older patients with cystic 
fibrosis have enlarged tracheas. We present verification of that enlargement, 
especially the anteroposterior diameter, postmortem observations of the compli- 
ance of the trachea, and the histopathologic alterations found in the tracheal wall 
at autopsy. 


Materials and Methods 


The most recent chest films (standing posteroanterior and lateral views, obtained at 72 in., 
with no air gap, at or near total lung capacity) of 42 adults with cystic fibrosis were reviewed. 
These 27 men and 15 women were 95% of the patients in our cystic fibrosis registry who 
were older than 30 years old and were not in respiratory failure. Their age range was 30-45 
years. Internal tracheal diameters were measured at a single point 2 cm above the arch of 
the aorta, according to a system [1] developed for determining tracheal dimensions for adults. 
The point of measurement was usually just below the top of the manubrium sterni, though 
occasionally at or just above it. It was always below the projected level of the pulmonary 
apices. 

Three of these 42 patients had had unusually complete adult series of examinations. Eight, 
14, and 15 posteroanterior-lateral pairs, respectively, had been obtained over 15 to 22 years. 
The patients were 31, 37, and 44 years old, respectively, at the time of their last examinations. 
Tracheal diameters were measured on each of these films. 

As part of postmortem functional and anatomic studies of the respiratory tracts of patients 
dying with cystic fibrosis, the lungs and attached tracheas of older adolescents and young 
adults were examined. The tracheas were examined histologically in 15 of these patients, 
whose age range was 15-33 years. 
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Results 


Of the 42 living patients, 41 had tracheas with anteropos- 
terior diameters at or above the mean for normal subjects 
(Fig. 1), according to the standards of Breatnach et al. [1]. 
The average was 1.3 + 0.9 SD standard deviations above 
the normal mean [1]. Analysis via the two-tailed t test indi- 
cated a 95% certainty that the true mean anteroposterior 
diameter of this group of patients was between 1.0 and 1.6 
standard deviations above the normal mean. 

Although most of these patients had moderate or severe 
degrees of the pulmonary abnormalities expected in adults 
with cystic fibrosis, individual increases in tracheal diameter 
did not correlate with the severity of those abnormalities (Fig. 
2). The average anteroposterior diameter of the five subjects 
who had had lobar resections was 1.9 standard deviations 
above the mean for normal subjects. The amount of deviation 
from normal correlated only slightly with the age of the patient 
and not at all with gender or with closure or lack of closure 
of the glottis during breath-holding for the films. 

The tracheas of the three patients with the most complete 
series of films taken when they were adults changed slowly. 
The anteroposterior diameter of the trachea was already 
slightly abnormal when the patients were in their late teens 


Fig. 1.—Distribution, in stand- 
ard deviations above and below 
the mean [1], of anteroposterior 
(AP) and transverse tracheal di- 
ameters of 42 patients more than 
30 years old with cystic fibrosis. 
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[2] and early twenties [1], and this dimension slowly departed 
further from normal in the ensuing years. 

The transverse diameters (Fig. 1) averaged 0.3 + 1.1 SD 
Standard deviations above the mean for normal subjects [1]. 
The trachea of one 35-year-old man (Fig. 3) was 4.7 standard 
deviations above the mean for normal transverse diameters. 
His trachea was irregular in outline and quite short, his hila 
were retracted upward by severe upper lobe disease, his 
mainstem bronchi were quite large, his anteroposterior tra- 
cheal diameter was also high, and he died in respiratory failure 
4 months later. If this outlying value was ignored, the trans- 
verse diameters in these patients with cystic fibrosis averaged 
only 0.2 standard deviations above the mean for normal 
subjects, and the distribution was not far from normal (Fig. 
1). Analysis via the two-tailed t test showed no statistically 
significant difference between the study group and normal 
subjects if the outlying value was excluded. If the outlying 
value was included, the difference was borderline for statisti- 
cal significance. 

The transverse diameters of the three patients with the 
longest series of films generally maintained their relation to 
the mean for normal subjects without change over time. 

Front-to-back enlargement was much more common than 
enlargement from side to side. Some tracheas were so narrow 
that they approached the “saber-sheath” shape sometimes 
seen in chronic obstructive pulmonary disease in older adults 
[3]. A few of the tracheas had irregular anterior, lateral, and 
posterior walls and did not have the smooth, cylindrical shape 
expected in healthy adults (Fig. 3). 

Many of the tracheas removed at autopsy were abnormally 
flaccid, though tracheal compliance was not quantified. Some 
collapsed suddenly during deflation of the lungs, inflated after 
removal from the body to study pressure-volume relation- 
ships. The tracheal walls audibly snapped together during this 
collapse; the sound was like the sputter made by air escaping 
from a balloon. Focal metaplasia was present in the respira- 
tory epithelium, which was sometimes severely inflamed [4]. 
In some tracheas the basement membrane was thickened. 
Marked hypertrophy and hyperplasia of the mucous glands 


Fig. 2.—Lateral chest radiograph of a 34- 
year-old man with cystic fibrosis. Although both 
lateral and posteroanterior views showed vir- 
tually no pulmonary abnormality, the anteropos- 
terior diameter of his trachea (arrows) was 3.5 
standard deviations above the mean for normal 
subjects. 


Fig. 3.—Radiograph of the only trachea with 
a severely increased transverse diameter (see 
text). 
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[5, 6] made the internal contours of the trachea irregular. 
Some tracheas had degenerative changes and ceroid pigment 
or lipofuscin in the muscle of the pars membranacea. The 
ground substance of the tracheal cartilages frequently was 
unusually pale, the outlines of the tracheal rings were irregular 
as if they had been partly resorbed, and empty lacunae 
indicated occasional cell death—changes that would even- 
tually result in malacia (softening). The tracheal cartilage of 
one patient (age, 24) contained foci of precocious osseous 
metaplasia. 


Discussion 


Many possible causes could account for the increases in 
anteroposterior tracheal diameter seen on our chest films. We 
suggest that the severe chronic inflammation found at au- 
topsy is a major factor and that the stress of years of vigorous 
coughing may be involved also. The relevance of these factors 
is supported by the other contexts in which we have observed 
tracheal enlargement on radiographs: in some adolescents 
and young adults (1) with chronic respiratory infection due to 
abnormalities of immunoglobulins or leukocytes, or (2) after 
years of repeated aspiration, or (3) long after mediastinal 
radiation therapy, and in some infants with bronchopulmonary 
dysplasia [7]. The stretching effect of the increased antero- 
posterior diameter of the chest and the tracheal shortening 
allowed by loss of volume of the upper lobes also may be 
contributing factors. The connection between the findings 
reported here and the many reports of biochemical tracheal 
abnormalities in cystic fibrosis [8] is unknown. 

Except for the observed flaccidity of the tracheal wall and 
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the collapse of some of the excised tracheas during pulmo- 
nary deflation, our findings are based on static observations. 
However, they do verify that the trachea is or becomes 
structurally abnormal in patients with cystic fibrosis. Perhaps 
it also becomes functionally abnormal, possibly unusually 
collapsible during coughing and other vigorous respiratory 
maneuvers. 
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Book 
Review 








Asbestos-Related Malignancy. Edited by Karen Antman and Joseph Aisner. Orlando, FL: Grune & Stratton, 412 
pp., 1987. $64.50 


When one sets out to create a text with the object of discussing a 
subject that involves several medical specialties, he must chose 
between two principal methods of compilation. He can study all the 
available material and write a cohesive and comprehensive text, or 
he can solicit essays and summary chapters from experts in each 
specialty. The first method is far more difficult and time consuming, 
but it avoids the enormous pitfall that is inherent in the latter: lack of 
cohesion, repetition, and variations in construction and style. These 
faults are especially glaring if the solicited material is not judiciously 
edited. 

The expressed goal of the editors of this volume was to collect 
the most up-to-date data relevant to asbestos-related malignancy. 
They have for the most part accomplished this and produced a 
valuable reference for those needing specific information on the 
subject, especially with regard to malignant mesothelioma. 

The book begins with a good summary of the mineralogy of 
asbestos. The next sections are comprehensive discussions of the 
epidemiology and an interesting chronicle of asbestos regulation in 
the United States written by a United States attorney. These sections 
are followed by comprehensive discussions of the mechanism and 
pathology of bronchogenic carcinoma and mesothelioma as related 
to asbestos. 

The remainder of the volume consists of essays describing the 
clinical aspects of asbestos malignancy, including individual chapters 
on radiology, surgery, radiation therapy, and chemotherapy. These 
sections vary in comprehensiveness, none reaching the depth 
achieved in the sections on pathology and mechanism. 

Two sections cover diagnostic radiology. The first, a discussion of 
asbestosis and the radiograph findings in asbestos-related disease, 
is by Albert Solomon of Israel. Solomon has had extensive experience 
with asbestos-related disease in South Africa, which is reflected in 


his excellent text and liberal illustrations. Inclusion of this chapter is 
a bit enigmatic, however, because “asbestosis” is only peripherally 
related to the topic of this text. The other radiology chapter is by 
Nancy O. Whitley of Baltimore, who offers an excellent discussion of 
CT of malignant mesothelioma, with superb illustrations that are 
beautifully reproduced. 

This volume is thus a collection of essays, mainly discussing the 
medical aspects of malignant mesothelioma and its relation to asbes- 
tos exposure. The individual essays vary widely in organization and 
style, as well as in depth. The text concentrates heavily on malignant 
mesothelioma, and that is its greatest strength. Coverage of bron- 
chogenic carcinoma and other neoplasms is extremely erratic and 
generally cursory. 

The index is remarkably deficient. It was apparently compiled by 
choosing key terms from each chapter and cross-referencing them in 
a haphazard fashion. Several synonyms are listed separately and 
some of the index terms are listed under adjectives, such as “solitary 
fibrous tumors of pleura” (with multiple subheadings) listed under “s.” 

Asbestos-Related Malignancy will be useful for specialists seeking 
information and references on malignant mesothelioma. The diagnos- 
tic radiologic aspects are well covered, although radiograph findings 
are exemplified more thoroughly by the publications of the American 
College of Radiology, particularly their text, Asbestos-Related Dis- 
eases, published in 1982. Purchase of the present text is recom- 
mended only for those who repeatedly need information on malignant 
mesothelioma and have not amassed a comprehensive reprint file of 
recent articles. 


David S. Feigin 
University of California, San Diego 
San Diego, CA 92093 
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Early Radiographic Signs of 
Tracheal Rupture 





Early diagnosis and repair of tracheal rupture are necessary to prevent acute tension 
pneumothorax, airway obstruction, and chronic tracheal stenosis. Few reliable radio- 
graphic signs of tracheal rupture have been proposed. We diagnosed seven cases of 
tracheal rupture, two related to blunt trauma and five resulting from tracheal intubation. 
Early radiographic signs included (1) orientation of the distal portion of the endotracheal 
tube to the right relative to the lumen of the trachea with an overdistended endotracheal 
balloon cuff, (2) migration of the balloon toward the endotracheal tube tip, and (3) 
pneumomediastinum and subcutaneous emphysema. In four cases, the overdistended 
balloon with distal migration preceded the pneumomediastinum by several hours. 

An overdistended balloon in a patient after tracheal intubation or blunt chest trauma 
should suggest tracheal rupture. 


Tracheal rupture is an uncommon but serious complication of chest trauma [1- 
5] and intubation [6-13]. Prompt diagnosis and surgical repair may prevent tension 
pneumothorax, ventilatory failure, and airway obstruction [1], as well as tracheal- 
bronchial stenosis, mediastinitis, sepsis, and pulmonary fibrosis [2-4]. Despite the 
importance of early diagnosis, late detection of such injuries is still common [4, 14, 
15], reflecting a low clinical suspicion and the absence of reliable radiographic signs 
of tracheal rupture. 


Materials and Methods 


During a 4-year period, seven cases of tracheal rupture were treated at the LDS and VA 
hospitals in Salt Lake City. The patients were all women ranging in age from 22 to 88 years, 
and none had a history of tracheal abnormalities. Five of the seven cases were intubation 
related; of these four were intubated by inexperienced operators (paramedics, interns, or 
residents). Unsuccessful attempts were initially made in each case, three nasal-tracheal and 
two oral-tracheal. None of the operators recalls using vigorous effort. Recorded cuff pressures 
never exceeded 23 cm H20 (normal, less than 28 cm H20) [16]. The radiographic and clinical 
signs of tracheal rupture in the two chest trauma cases appeared after intubation and positive 
pressure ventilation. All chest radiographs were obtained in the supine position with a 50-in. 
(128 cm) focal film distance. The horizontal diameter of the balloon was measured at its 
widest point, and the distance between the inferior border of the balloon and the tip of the 
endotracheal tube was used to estimate balloon migration. All ruptures occurred in the 
membranous trachea, three ending above the carina, three extending into the right mainstem 
bronchus, and one into the left mainstem bronchus. Diagnosis was confirmed at bronchoscopy 
in five patients with chest CT showing the endotracheal tube outside the trachea in two. Six 
patients had successful repairs of the tracheal ruptures within 24 hr of the injuries; the 
seventh was judged inoperable. Three patients died of organ failure unrelated to the tracheal 
rupture, three patients were discharged without evidence of stricture on repeat bronchoscopy, 
and one patient was discharged without repair or repeat bronchoscopy. 








696 ROLLINS AND TOCINO 


Results 


Retrospective review of the clinical chart and chest radio- 
graphs of seven patients with proven tracheal rupture re- 
vealed the following findings before definitive diagnosis. In 
seven cases, the endotracheal tube was oriented with its 
distal portion to the right relative to the lumen of the trachea. 
In six of these cases, the balloon diameter was more than 2.8 
cm (range, 2.8-4.3) (Fig. 1A). The normal female tracheal 
diameter is less than 2.0 cm [17]; the average male tracheal 
diameter is 2.43 cm. In six cases, the distance between the 
balloon and the endotracheal tube tip was less than 1.2 cm 
(range, 0-1.2 cm) (Fig. 1B). The normal distance is more than 
2.5 cm. Pneumomediastinum and subcutaneous emphysema 
were present in seven cases (Fig. 1B). 

A right oblique orientation with a balloon diameter greater 
than 2.8 cm was noted on the first chest radiograph after 
intubation or blunt trauma in six cases. In four cases the 
appearance of the endotracheal tube in a right oblique orien- 
tation distal to the carina with an overdistended balloon 
preceded any evidence of pneumomediastinum and subcu- 
taneous emphysema by 3 to 9 hr (Fig. 2). In these same 
cases, migration of the balloon toward the endotracheal tube 
tip occurred after repositioning the endotracheal tube and 
before the appearance of subcutaneous or mediastinal em- 
physema. In two other cases, an overdistended balloon and 
a reduced balloon-to-tip distance were present at the time 
subcutaneous and mediastinal emphysema were noted 
(Fig. 3). 

Subcutaneous and mediastinal emphysema (noted simul- 


A 


Fig. 1.—Chest radiographs and CT in patient with tracheal rupture. 
A, After intubation, endotracheal tube is in right mainstem bronchus with a balloon diameter of 3.2 cm (white arrows) and a balloon-to-tip distance of 
3.5 cm (black arrows). There is no evidence of pneumomediastinum. 
B, After repositioning of endotracheal tube, overdistended balloon (white arrows) has migrated to tip of endotracheal tube (black arrow). Pheumome- 
diastinum and subcutaneous emphysema are now present. 
C, CT scan through upper mediastinum shows laceration of posterior tracheal wall (arrows) with overdistended balloon protruding into mediastinum. 
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taneously on the chest radiograph in each case) eventually 
developed in all cases; three on the initial chest radiograph 
and four several hours after the tracheal injury (one each 3, 
4, 5.5, and 9 hr after injury). Pheumothorax appeared in five 
cases—two on the initial chest radiograph and three several 
hours after the injury (one each 4, 5.5, and 9 hr after injury). 
In no case did the pneumothorax precede subcutaneous or 
mediastinal emphysema. 


Discussion 


One of the earliest descriptions of tracheal rupture was 
recorded in 1848 [2]. Subsequently, several series of trau- 
matic tracheal rupture [1, 3, 5, 15, 18] and case reports of 
intubation-related rupture [6-13] have been published. All 
emphasize early diagnosis and prompt surgical repair, yet few 
delineate early clinical or radiographic signs indicative of tra- 
cheal rupture. In fact, delayed diagnosis is still common [4, 
14, 15, 19]. Previously reported radiographic and clinical signs 
of tracheal rupture include pneumothorax, pneumomedias- 
tinum, subcutaneous emphysema, and respiratory distress, 
all of which can be present without rupture. In fact, these 
signs are variably reported to be present in only 50-85% of 
cases with rupture [1, 3, 15, 18]. 

The distal portion of the endotracheal tube was displaced 
to the right, and an overdistended balloon was present in all 
cases (except one in which there was no visible balloon) and 
preceded subcutaneous or mediastinal emphysema in four 
cases. The observation of an overdistended balloon in these 
cases raises the question of whether this was the cause of 
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Fig. 2.—Supine chest radiographs after emergency intubation resulting in tracheal rupture. 

A, Overdistended balloon with a diameter of 4.3 cm (white arrows) is located 2.6 cm from tip of 
endotracheal tube (black arrows). Right oblique orientation of endotracheal tube is well illustrated in 
this case. 

B, Migration of balloon toward tip of endotracheal tube (white arrows) and pneumomediastinum 
appeared after 9 hr of mechanical ventilation and manipulation of endotracheal tube. 


the rupture or its sequela. In only one published case is 
tracheal rupture clearly related to overdistension and rupture 
of the balloon; in this case the balloon was inadvertently 
connected to pressurized oxygen [7]. Tracheal damage has 
been shown to be a function of the cuff-to-tracheal wall 
pressure and not of the absolute cuff volume. In rabbits, a 
cuff-to-tracheal wall pressure greater than capillary perfusion 
pressure (28-41 cm H20) causes ischemia and subsequent 
necrosis [16, 20]. In our cases, the measured cuff pressure 
never exceeded 23 cm H20 before or after a distended balloon 
was observed. It is unlikely that tracheal damage resulted 
from the overdistended balloon. Instead, because of the tra- 
cheal rupture, an increasing amount of intracuff air was re- 
quired to raise the cuff-to-tracheal wall pressure to the usual 
20-25 cm H20 pressure and to seal the airway. The balloon 
then herniated through the tracheal tear into the mediastinum 
(Fig. 1C). Both the high-volume, low-pressure endotracheal 
tube (Hi-Lo) and the low-volume, high-pressure endotracheal 
tube (Lo-Pro) can easily be filled with 60 ml of air, producing 
a distended (>4 cm) balloon. Both tubes are manufactured 
by the National Catheter Corporation (NCC), Argyle, NY. 

An overdistended balloon does not always indicate tracheal 
rupture. It may be seen when (1) the balloon is located in the 
esophagus, (2) a patient is chronically intubated [21], or (3) 
preintubation tracheal enlargement or chronic obstructive pul- 
monary disease is present. After these three conditions were 
excluded, we conducted a radiographic review of 50 recently 
intubated patients at LDS Hospital (38 after trauma, 12 non- 


Fig. 3.—Initial chest radiograph after blunt 
chest trauma. Overdistended balloon (arrows) is 
located at tip of endotracheal tube. Pneumome- 
diastinum, subcutaneous emphysema, and bilat- 
eral pneumothoraces are present. At surgery, 
tracheal tear extended toward right main bron- 
chus, and endotracheal tube was found outside 
of tracheal lumen. 


trauma) and found that none had a balloon diameter greater 
than 2.5 cm or a balloon-to-tip distance smaller than 1.5 cm. 

Migration of the balloon toward the endotracheal tube tip 
occurred in all cases (except one in which there was no visible 
balloon); in four cases, migration occurred before subcuta- 
neous and mediastinal emphysema. In the standard NCC 
high-volume, low-pressure endotracheal tube, the distal mar- 
gin of the balloon is attached 2.5 cm from the tip. When filled 
with less than 10 ml of air, this distance may appear even 
greater than 2.5 cm radiographically. Two possible mecha- 
nisms may be responsible for this migration: (1) continued 
injection of air into the cuff, causing distal expansion of the 
balloon, or (2) withdrawal of the endotracheal tube without 
complete deflation of the balloon, which allows it to anchor at 
the site of the rupture. In four cases this finding appeared 
after repositioning of the endotracheal tube, while in two other 
cases balloon migration was present at the time of the first 
chest radiograph. Because all of the endotracheal tubes in 
our cases involved the large-volume Hi-Lo cuff, we do not 
know if the small-volume Lo-Pro balloon will migrate toward 
the endotracheal tube tip when overdistended in tracheal 
rupture. 

Mediastinal and subcutaneous emphysema eventually de- 
veloped in all cases.Extravasation of air into the mediastinum 
is expected with intrathoracic tracheal rupture. If the rupture 
freely communicates with the pleural space, a pneumothorax 
may develop. Pheumomediastinum is not pathognomonic of 
tracheal rupture. Alveolar rupture secondary to blunt chest 





698 ROLLINS AND TOCINO 


trauma or positive pressure ventilation and esophageal rup- 
ture are other causes. The appearance of subcutaneous 
emphysema and mediastinal emphysema after repositioning 
of the endotracheal tube in four of seven cases suggests (1) 
initial balloon occlusion of the tear and/or (2) enlargement of 
the rupture because the cuff was not fully deflated during 
tube movement. 

Early recognition of tracheal rupture is necessary to de- 
crease morbidity and mortality. After blunt chest trauma or 
recent intubation, the presence of an endotracheal tube with 
its distal portion oriented to the right with a distended balloon, 
a reduced distance from balloon to endotracheal tube tip, 
with or without pneumomediastinum, should prompt further 
investigation of the airway with either chest CT or bronchos- 
copy to confirm the presence and extent of tracheal rupture. 
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Technical Note 





Localization Device for Occult Breast Lesions: Use in 75 


Patients 


N. J. Parekh’ and John N. Wolfe 


The more frequent use of mammography has increased the 
need for accurate localization of nonpalpable lesions before 
biopsy. Various methods of localizing nonpalpable breast 
lesions have been described [1-11]. In the past we used a 
Kopans needle and estimated the nipple-to-lesion distance 
from the mammographic images. Multiple adjustments of the 
needle and occasionally the use of more than one needle 


were required. A localizer and a modification of the Kopans 
needle were developed to simplify the time-consuming task. 


Materials and Methods 


Seventy-five preoperative localizations were performed at Hutzel 
Hospital from July 1985 through June 1986. All biopsies were per- 
formed on an outpatient basis with a modified localizer apparatus 





Fig. 1.—Localizer apparatus consisting of a cassette tunnel, adjustable 
Velcro straps, and fenestrated plates of different sizes. 


Fig. 2.—Localizer apparatus with compression plate in place. 
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Fig. 3.—Localization by using needle with de- 
tachable hub. 

A, Preliminary lateromedial view clearly delin- 
eates a small cluster of fine calcifications in 
upper portion of breast (arrow). 

B, Same view as A showing proper needle 
placement. 

C, Craniocaudad projection shows needle tip 
to be within 1 cm of lesion. Necessary manipu- 
lation of needle tip can be carried out at this 
stage. 


D, Craniocaudad projection confirming accu- 
rate placement of wire hook. 
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(latrics, Fenton, Ml) (Fig. 1). The localizer apparatus is a fenestrated 
plate with multiple small holes located 3 mm apart and a cassette 
tunnel for xeroradiography or standard film cassettes with a format 
of up to 25 x 30 cm (10 x 12 in.). Nonskid rubber pads provide 
stability. Adjustable Velcro straps are used to fasten the sides of the 
compression plate to the cassette tunnel. 

After the usual antiseptic skin preparations, the fenestrated plate 
is placed over the breast with a moderate degree of compression, 
fastened with the detachable Velcro straps, and anchored to each 
side of the cassette tunnel placed underneath the breast (Fig. 2). The 
compression plate is positioned so that it is more-or-less parallel to 
the underlying cassette tunnel. If necessary, this is achieved by the 
use of a sponge pad underneath the anterior aspect of the compres- 
sion plate. The antiseptic on the skin and the cleaning solution from 
the grid should be thoroughly dry before placement over the breast 
to avoid obscuring the imaging of the individual holes in the compres- 
sion plate. The skin over the chest wall is marked at the corner of 
the grid so as to observe any grid or patient motion that may occur 
after obtaining the control image and before needle placement. The 
device is applied in the recumbent or upright position, and the 
appropriate mediolateral, lateromedial, or craniocaudal view is ob- 
tained. 

A preliminary film localizes the lesion to one of the holes in the grid 
(Fig. 3A). A Kopans springhook localizer needle (Cook, Bloomington, 
IN) is inserted into the most central hole after skin infiltration with 
local anesthetic. The needle is advanced to a predetermined depth, 
which is estimated from the original image. The second image is 
obtained to confirm the close relationship of the needle tip to the 
lesion (Fig. 3B). The wire hook is then inserted, and the needle is 
removed. The compression grid is slowly removed while a firm grasp 
is maintained on the wire. The wire is usually anchored to the skin. A 
final image is obtained perpendicular to the placement film to confirm 
the depth of the wire hook. Needle placement within a radius of 1.5 
cm of the lesion is considered acceptable. A sterile dressing is applied 
over the wire entry site, and the wire end is taped to the adjacent 
chest wall with sufficient slack for normal motion. Diagrammatic 
information about the relationship of the lesion to the wire hook in 
both the planes is then conveyed to the surgeon. 

In the past 3 months we have used a Kopans needle with a 
detachable hub, which allows for the removal of the compression 
plate while the needle is left in place (Fig. 3C). The plastic retainer 
immobilizes the needle for the final image. This allows accurate wire 
placement to within 1 cm of the lesion or less (Fig. 3D) and obviates 
placement of a second wire if the needle was improperly placed 
during the first attempt. 


Results 


In 72 of 75 needle placements, single attempts were suc- 
cessful in localizing the lesion within 1.5 cm of the wire hook. 
The average time required for the complete procedure was 
about 25 min, patient discomfort was minimal, and no major 
complications occurred. 
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Discussion 


Precise localization of nonpalpable lesions is important for 
accurate diagnosis and for minimizing the removal of normal 
breast tissue. This is particularly true since more benign 
lesions are now being biopsied. Various methods of localiza- 
tion have worked well at different institutions. 

Other devices with fenestrated compression plates have 
been developed [8-11], some of which are cumbersome. The 
grid apparatus used in this study is simple to use and adapt- 
able to most radiation sources. The compression plate has a 
low attenuation and small holes at close intervals allowing 
precise needle placement. Motion of the grid assembly is 
minimized by the design of the apparatus. The use of wire 
hook needles with detachable hubs allows for the removal of 
the grid with the needle in place. We had no complications 
such as hemorrhage, vasovagal reaction, pneumothorax, or 
wire breakage. Migration of the wire occurred in one patient. 
This complication can be avoided by anchoring the external 
portion of the wire to the chest wall, allowing sufficient slack 
for normal motion of the breast and arm during transportation. 
Wire migration is a potential problem in pendulous breasts 
with predominantly fatty replacement. 
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Ultrasound Diagnosis in Obstetrics and Gynecology. By M. Hansmann, B. J. Hackeloer, and A. Staudach. New 


York: Springer-Verlag, 495 pp., 1986. $100 


This outstanding work is a beautifully illustrated and well-written 
textbook of obstetric and gynecologic ultrasound produced predom- 
inantly by European authors. While some of the recommendations 
and practices reflect the European authors, this text certainly belongs 
in the library of every radiologist practicing obstetric ultrasound. If 
used with a standard American textbook, such as Callen or Athey 
and Hadlock, this book will give the reader a clear understanding of 
current obstetric ultrasound practice. The quality and extensiveness 
of the illustrations alone warrant purchasing this book. Normal de- 
velopment is discussed exhaustively with excellent demonstration of 
normal fetal anatomy for the novice. Fetal malformations are partic- 
ularly well illustrated with the book serving as a library of abnormal 


cases. 
For one who appreciates data well illustrated and usefully pre- 
sented in table format and extensive graphs to document fetal growth 


as | do, there is material in this book that is not easily found in any 
other source. The percentile growth curves shown in the appendix 
are a valuable reference source. 

The discussions on gynecologic ultrasound are less detailed and 
less useful. Breast ultrasound is also discussed, although most of 
the illustrations are whole-breast images and not the currently more 
common handheld real-time views. One disadvantage is that many 
of the references are from the German literature making the original 
material inaccessible to many of us. The book, however, provides a 
digested English access to this literature, which is an advantage. This 
book is an English translation of a German work published in 1985. 

| strongly recommend this as an outstanding textbook. 

Harvey L. Neiman 
The Western Pennsylvania Hospital 
Pittsburgh, PA 15224 
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MR Imaging in the Diagnosis 
of Pancreatic Disease 





MR imaging examinations of 20 patients with normal pancreas and of 38 patients with 
suspected pancreatic disease were analyzed retrospectively to (1) evaluate the ability 
of MR imaging to depict the normal and abnormal pancreas, (2) establish MR criteria for 
various pancreatic diseases, (3) determine if MR imaging can distinguish among various 
pancreatic diseases, and (4) compare the usefulness of MR imaging with CT. In all 20 
patients with normal pancreas and in 34 of the 38 patients with suspected pancreatic 
disease excellent or good evaluation of the pancreas was achieved. A 0.35-T magnet 
(Diasonics MT/S) was used, and both T1- and T2-weighted images were needed. T1 
and T2 relaxation times and MR signal intensities showed no specific pattern to allow 
consistent differentiation between normal and diseased pancreatic tissue or to distin- 
guish between tumor and inflammation. In the 29 patients in whom MR and CT images 
could be compared, MR imaging and CT provided equivalent information in 20 (69%). In 
4 patients (14%), MR imaging added information, and in 5 patients (17%) of cases, MR 
imaging yielded less information than CT. MR imaging of the pancreas was found to be 
superior to CT in selected instances, such as in the staging of pancreatic neoplasms (n 
= 4) and in the evaluation of pancreatic disease after surgery (n = 3). 

We conclude that, at present, MR imaging should not be used as the screening 
method for pancreatic disease but should be reserved as an adjunct when the infor- 
mation provided by CT is insufficient. 


The ability to diagnose inflammatory pancreatic disease has markedly improved 
with the use of CT and sonography [1, 2]. However, detection of early neoplastic 
disease of the pancreas is still limited. MR imaging provides unique soft-tissue 
contrast and is an important diagnostic technique for diseases of numerous organs 
[3-6], but early results of MR imaging of the pancreas have been somewhat 
discouraging [7-10]. However, because of technical innovations the quality of MR 
images of abdominal organs has recently improved [11]. We undertook a retro- 
spective study of patients with and without pancreatic disease to (1) evaluate the 
ability of MR imaging to show the pancreas, (2) study the signal intensity of the 
normal and diseased pancreas with various imaging parameters, (3) determine if 
MR imaging can be used to distinguish among pancreatic diseases, and (4) compare 
MR imaging with CT in the diagnosis of pancreatic diseases. 


Materials and Methods 


Patients and Subjects 


We retrospectively evaluated MR images obtained from April to November 1985 in 20 
patients with normal pancreas. These patients (aged 34-68 years) had MR studies to 
determine the presence of hepatic metastases (12 patients with known primary tumor) and 
renal abnormalities (eight patients) but had no clinical and laboratory evidence of pancreatic 
disease. All had a normal pancreas on CT. 

We also evaluated retrospectively the MR examinations obtained from December 1984 
through May 1986 of 38 patients (25 men and 13 women, aged 11-75 years) who had 
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undergone CT scanning and were referred for MR imaging for eval- 
uation of clinically known or suspected pancreatic disease (Table 1). 
In all patients, CT scans had been obtained before MR imaging. In 
nine patients, CT scans were not available for direct comparison with 
MR images. The diagnoses were histologically proven in 26 patients 
by means of biopsy (n = 8), surgery (n = 14), or autopsy (n = 4). 
Eight of 26 patients had previous abdominal surgery for attempted 
pancreatic resection or biliary anastomosis. In six of the 26 histolog- 
ically proven cases, the pathologic lesion was found not to arise from 
the pancreatic gland (Table 1). In the other 12 patients (six patients 
with acute and six of nine patients with chronic pancreatitis), the 
diagnosis was based on Clinical findings, laboratory results, and 


sonography. 


MR and CT Techniques 


MR imaging was performed on a 0.35-T superconductive magnet 
(Diasonics MT/S), described previously [12]. Initially, a section thick- 
ness of 7 mm with a 3-mm gap between sections and a matrix of 
128 x 256 pixels were used (19 patients). After April 1985, technical 
improvements included new sequence software with improved signal- 
to-noise levels, 10-mm-thick contiguous sections with an imaging 
matrix of 256 x 256 pixels, replacement of the elliptical coil with a 
quadrature RF coil, and improved field shimming for better homoge- 
neity. The latter technique was used in 19 patients with suspected 
pancreatic disease and in all 20 subjects with normal pancreas. The 
dual spin-echo (SE) pulse sequence was used with a repetition time 
(TR) of 0.5 and 2.0 sec and an echo delay (TE) of 28 and 56 or 30 
and 60 msec. In four patients, the TR values were different (1.5 sec 
instead of 2.0 sec in two patients and 1.0 sec in two patients). 

Oral contrast medium, 500 mi of diluted ferric ammonium citrate 
(Geritol, Beecham, Pittsburgh), was used in four patients. In these 
four patients, Geritol was given orally before imaging. In 15 of the 20 
subjects with normal pancreas and in 24 patients the preparation 
included 6 hr of fasting and 1 mg of glucagon given intramuscularly 
immediately before MR imaging. The other patients had no special 
preparation. 

CT examinations of 29 patients were performed on a GE 9800 
scanner. Scans were obtained through the abdomen at 10-mm 
intervals and followed by repeat scans in the area of the pancreas 
with 5-mm sections and simultaneous application of a bolus of 
contrast material. All CT examinations were performed within a 2- 
week period before the MR studies. In nine patients, CT was per- 
formed at other institutions with and without IV contrast media. In all 
patients the CT report was rendered by board-certified radiologists 
with special competence in CT. 


MR Image Quality Criteria 


The quality of MR images of the pancreas was analyzed in 20 
subjects without pancreatic disease and in 38 patients with suspected 
pancreatic disease. MR images were classified as excellent if all parts 
of the pancreas could be delineated from surrounding structures and 
all major vessels in the vicinity of the pancreas (celiac artery; portal, 
splenic, and superior mesenteric veins; and superior mesenteric 
artery) could be seen on both T1- and T2-weighted images. The 
image quality was judged good if exact delineation could be made of 
at least two parts of the pancreas (the pancreatic head, body, or tail) 
and of all major vessels. While only two parts of the pancreas were 
seen on either T1- or T2-weighted images, when both T1- and T2- 
weighted images were analyzed all parts of the pancreas were shown. 
The MR images were deemed to be of poor quality if only one part 
or none of the pancreas was delineated from adjacent structures or 
if no more than one major vessel was identifiable when both T1- and 
T2-weighted images were analyzed. 
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MR Characterization of Pancreatic Disease 


Measurements of T1 and T2 relaxation times were made of normal 
pancreatic tissue (n = 12) and of pancreatic neoplasms (n = 6), acute 
pancreatitis (n = 5), and pseudocyst (n = 4). These measurements 
were performed only in those subjects and patients in whom the 
image quality was considered excellent and in whom the pancreas 
was imaged with at least two TRs (0.5 and 2 sec); these patients 
were not repositioned between the two TR acquisitions. T1 and T2 
values were calculated from signal-intensity values (region of interest 
was always larger than 50 pixels) with the use of the standard dual 
SE formula [13]. Spin density was not measured because previous 
investigations showed negligible differences in spin density between 
tumor and normal pancreatic tissue [14]. In addition, any changes in 
visual intensity of pancreatic tissue and/or masses were registered 
in relation to changes to TR and TE settings. 


MR Image Interpretation and Comparison with CT 


MR images were interpreted in conference, and the recorded 
results were reached by consensus of four authors. The clinical 
diagnosis of suspected pancreatic disease was known at the time of 
MR interpretation, but the final pathologic diagnosis was not. The 
official CT report in all patients formed the data base. The findings of 
the CT reports were not known at the time of MR evaluation. Since 
the CT criteria for pancreatic disease are well established [1], they 
were not challenged. The CT criteria used for the diagnosis of acute 
pancreatitis were diffuse pancreatic enlargement; blurring of pan- 
creatic margins; thickening of renal (Gerota’s) fascia; thickening of 
posterior gastric wall; renal halo sign; and complications such as 
hemorrhage (high density) pseudocysts (well-circumscribed areas, 
generally of low density), and abscess (variable density from low to 
intermediate, possibly with air bubbles or air-fluid level). CT criteria 
indicative of chronic pancreatitis were atrophy, calcifications, pan- 
creatic duct dilatation, and possibly dilated common bile duct. CT 
criteria diagnostic of pancreatic carcinoma were change in size and 
shape, change in CT attenuation values, obliteration of peripancreatic 
fat and loss of boundaries with surrounding tissues, involvement of 
vessels and nodes, pancreatic duct dilatation, and possibly dilatation 
of the common bile duct. In 29 patients, CT scans were available and 
were compared with MR image to explore MR features that would 
provide information equal to or better than that offered by CT for 
evaluation of pancreatic disease. 

Specific findings on MR images were analyzed, recorded, and 
compared with CT scans (n = 29): infiltration of peripancreatic tissue 
on T1-weighted images; diffuse enlargement of the pancreas; change 
in overall pancreas signal intensity on either T1- or T2-weighted 
images; focal areas of low signal intensity on both T1- and T2- 
weighted images, indicating calcification; dilatation of the pancreatic 
duct (low-intensity tubular structure on T1-weighted images, increase 
in signal intensity on T2-weighted images); presence of pseudocysts 
(well-circumscribed regions of medium or low signal intensity on T1- 
weighted images, various degrees of increased signal intensity on 
T2-weighted images); and vascular involvement (e.g., portal vein 
thrombosis). Other findings included hepatic metastasis, hepatic in- 
vasion, lymph-node enlargement, bile-duct dilatation, cholelithiasis, 
and the presence of an extrapancreatic lesion. 

Acute pancreatitis was diagnosed when there was diffuse pan- 
creatic enlargement with indistinct margins on both T1- and T2- 
weighted images. The signal intensity of the pancreatic tissue was 
similar to or lower than liver on the T1-weighted image and higher 
than liver (sometimes indistinguishable from fat) on the T2-weighted 
image. Thickening of the renal fascia was seen as a low-signal- 
intensity stripe on the T1-weighted image and of medium or high 





AJR:148, April 1987 


signal intensity on the T2-weighted image. A pseudocyst was seen 
as a low- or medium-signal-intensity fluid collection on T1 images 
that increased in signal intensity on T2-weighted images. 

MR criteria indicative of chronic pancreatitis were normal or small 
pancreatic size with normal or inhomogeneous low- and medium- 
signal-intensity echoes throughout the pancreatic tissue; dilated pan- 
creatic duct was seen with low signal intensity on the T1-weighted 
image and an increase in signal intensity on the T2-weighted image. 
The appearance was similar to that of a dilated common bile duct. 

MR criteria for pancreatic carcinoma were localized change in the 
size and contour of the pancreas, occasionally with diffuse enlarge- 
ment of the gland. The signal intensity varied from low to normal to 
higher than that of the adjacent liver. The margins around the mass 
were indistinct and the peripancreatic adipose tissue was obliterated 
and became of inhomogeneous medium signal intensity on T1- 
weighted images. The sharp boundary between the pancreas and 
the adjacent tissue was lost. Involvement of the vessels was diag- 
nosed by lack of visualization of the normal splenic or portal vein and 
artery. Additional criteria were the presence of localized and distant 
nodes, direct hepatic inversion, hepatic metastasis, pancreatic duct 
dilatation, and dilatation of the common bile duct. 


Results 
MR Image Quality 


The image-quality rating of the subjects with normal pan- 
creas and of the patients with pancreatic disease is summa- 
rized in Table 1. By use of a combination of T1- and T2- 
weighted sequences in the 20 subjects with normal pancreas, 
the gland was well demonstrated. In 12 of the 20 normal 
subjects, there was sharp delineation of the pancreas against 
the surrounding tissue on both T1- and T2-weighted images 
(Fig. 1). In the eight remaining patients, image quality was 


TABLE 1: Final Diagnosis and MR Image Quality in 20 Subjects 
with Normal Pancreas and in 38 Patients with Suspected 
Pancreatic Disease 


gmc ee Sa rns SS a a a 





MR Image Qualit 
Confirmed Diagnosis No. of ee 
Patients Excellent Good Poor 

Normal pancreas 20 12 8 0 
Neoplasms: 

Adenocarcinoma 10 6 3 1 

Gastrinoma 3° 2 1 0 

Insulinoma 1 1 0 0 

Cystadenocarcinoma 1 0 0 1 

Lymphoma 1 1 0 0 
Pancreatitis:” 

Acute 6 5 1 0 

Chronic 9 2 6 1 
Cystic fibrosis 1 0 1 0 
Peripancreatic disease: 

Cholangiocarcinoma 2 1 1 0 

Rhabdomyosarcoma 1 0 1 0 

Duodenal metastasis 1 0 0 1 

Lesser sac hemorrhage 1 0 1 0 

Metastasis near ampulla 1 1 0 0 


of Vater 


ed lee elena 
Note.—Rating of image quality was defined on the basis of imaging the 
pancreas and the major vessels in the vicinity of the pancreas. 
a Two gastrinomas were not seen by either MR or CT. 
> Five patients with pancreatitis also had pseudocysts. 
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good. On short TR and TE sequences (T1-weighted image) 
there was good contrast between the pancreas and the 
surrounding retroperitoneal fat (Figs. 1A and 1C.) However, 
it was difficult to distinguish the pancreas from adjacent 
bowel. In six of eight subjects, the pancreatic head or body 
could not be differentiated from the stomach or duodenum. 
In two of eight subjects, the pancreatic tail could not be 
differentiated from the adjacent small bowel; in both of these 
subjects only little retroperitoneal fat was present. With the 
addition of T2-weighted images, the borders between the 
pancreatic head, duodenum, pancreatic tail, and small bowel 
were discernible (Figs. 1B and 1D). 

In 34 (89%) of the 38 MR studies performed for suspected 
or known pancreatic disease, the image quality was judged 
to be excellent (19 patients) or good (15 patients). In four 
(11%) of the 38 studies the quality of the MR examination for 
showing the pancreas was poor. Major causes of image 
degradation were respiratory motion and peristalsis. None of 
these four patients had glucagon before the study, and all 
four were studies performed before the technical upgrading 
was performed. 


MR Characterization of Normal and Diseased Pancreas 


On images obtained with a 0.35-T magnet, normal pan- 
creatic tissue had a signal intensity similar to that of the liver 
on both T1- and T2-weighted images (Fig. 1). It exhibited 
medium signal intensity on T1-weighted images and demon- 
strated considerably decreased signal intensity on T2- 
weighted images. 

Relaxation times of the diseased pancreas and normal 
pancreas overlapped (Table 2). 

In the six cases of acute pancreatitis, a prolongation of T1 
and T2 relaxation times was noted (Figs. 2 and 3). On T1- 
weighted images, inflamed or necrotic tissue had lower signal 
intensity than the normal gland. The signal intensity increased 
substantially on T2-weighted images (Figs. 2 and 3). Although 
these changes in T1 and T2 relaxation times can be consid- 
ered additional parameters to the morphologic appearance of 
the pancreas, no specific intensity pattern allowed differentia- 
tion of neoplasm from localized inflammatory disease (Fig. 3). 

Pancreatic pseudocyst associated with pancreatitis ap- 
peared as localized areas of low or medium signal intensity 
on T1-weighted images, and all markedly increased in signal 
intensity on T2-weighted images (Fig. 2B). T1 and T2 relax- 
ation times were prolonged in the four pancreatic pseudocysts 
in which the relaxation times were calculated (Table 2). 

Adenocarcinomas in 10 cases had a variety of signal inten- 
sities ranging from higher than to the same as that of normal 
pancreatic tissue on T1- or T2-weighted images (Fig. 4). One 
lymphoma in the pancreatic head, evaluated after chemother- 
apy, had a signal intensity identical to that of the normal 
pancreas on both T1- and T2-weighted images. One insu- 
linoma displayed higher signal intensity than the normal pan- 
creas on T2-weighted images. 


Comparison of MR and CT Findings 


MR imaging and CT provided equal information in 69% of 
the 29 cases in which the two procedures were compared. In 
most cases, size and delineation of the pancreas, as well as 
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TABLE 2: T1 and T2 Relaxation Times of Pancreatic Diseases 





No. of Mean + 1 SD 
Confirmed Diagnosis Patients 
(n = 24) T1 (msec) T2 (msec) 
Normal pancreas 12 507 + 98 599 
Acute pancreatitis 6 703 + 95 O1-+17 
Pseudocyst 4 1340 + 123 109+ 21 
Neoplasm 6 660 + 115 67 + 29 





peripancreatic fat infiltration, were demonstrated equally on 
MR and CT images. The smallest neoplastic lesion detected 
by both techniques measured 3 cm in diameter. In two 
patients with Zollinger-Ellison syndrome and secreting gastri- 
nomas, the abnormality was not detected by either method. 
At surgery, the gastrinomas measured 10 and 15 mm in 
diameter, respectively. The presence of all larger pseudocysts 
(more than 2 cm in diameter) was documented on CT and 
MR images in six instances. The extrapancreatic origin of a 
lesion was identified by MR as well as by CT in two of the six 
patients with peripancreatic disease. Neither CT nor MR 
permitted distinction between pancreatic carcinomas located 
in the head of the pancreas, cholangiocarcinomas of the distal 
common bile ducts, or metastasis in the duodenum or am- 
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Fig. 1.—Normal pancreas. Open arrows indi- 
cate gastroduodenal artery. Normal pancreatic 
tissue has signal intensity similar to that of liver 
on both T1- and T2-weighted images. Good de- 
lineation of pancreatic tissue against surround- 
ing retroperitoneal fat is provided by T1- 
weighted images (A and C). On T2-weighted 
images, normal pancreatic tail (B) and head (D) 
show excellent contrast relative to left kidney 
and fluid in stomach and duodenum. 

A, T1-weighted image (TR = 0.5 sec, TE = 30 
msec) through pancreatic body and tail. Com- 
mon bile duct (arrowhead). 

B, T2-weighted image (TR = 2.0 sec, TE = 60 
msec) through pancreatic body and tail. 

C, T1-weighted image (TR = 0.5 sec, TE = 30 
msec) through pancreatic head. 

D, T2-weighted image (TR = 2.0 sec, TE = 60 
msec) through pancreatic head. 


pullary region in the other four patients. In most cases with 
bile-duct dilatation, hepatic metastasis, or lymph-node en- 
largement, MR and CT provided equal information. 
Additional information provided by MR could be observed 
in 14%. MR images permitted distinction between the pan- 
creatic tail and bowel loops in two patients, while on the CT 
examination unopacified bowel loops were superimposed on 
the margins of the pancreatic tail. In one patient with adeno- 
carcinoma of the pancreatic head evaluated postoperatively, 
the mass was delineated well on MR images, while the 
corresponding CT section was impaired by clip artifacts (Fig. 
4). MR imaging displayed portal venous thrombosis caused 
by invasion carcinoma of the pancreatic head. Again, the CT 
image was impaired because of clip artifacts. MR identified 
the tortuous splenic artery in the tail of the pancreas of one 
patient, while on CT images an enhancing lesion could not be 
excluded. The gastrinoma in this patient was not shown either 
by MR imaging or by CT but was localized by transhepatic 
venous blood sampling and found at surgery to be in the 
pancreatic head. In one patient with cystic fibrosis, gross 
pancreatic atrophy and fatty replacement were better appre- 
ciated on MR images. MR imaging rendered more information 
than CT in patients with pancreatic carcinoma: MR showed 
liver metastases not seen on CT (two patients), liver invasion 
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Fig. 2—Acute pancreatitis. Note effacement of tissue planes; no margins 
of pancreas are discernible on either MR (A, B) or CT (C). Pancreatic tissue 
is of low signal intensity on T1-weighted image (A). On T2-weighted image 
(B), unlike normal pancreas, acute inflammatory tissue shows increase in 
intensity. Thickening of Gerota’s fascia (straight arrow) is seen on T1- 
weighted MR image. Large pseudocyst formation (curved arrows) is rec- 
ognized as well-circumscribed region of low signal intensity on T1- 


Fig. 3.—Acute pancreatitis localized to head 
of pancreas. On T1-weighted image (A) there is 
a large, low-signal-intensity mass (M) in region 
of head of pancreas. Tissue mass, unlike normal 
pancreatic tissue, shows marked increase in sig- 
nal intensity on T2-weighted image (B) relative 
to liver (L). Differentiation between this localized 
inflammation and pancreatic tumor is not possi- 
ble on MR images. 

A, T1-weighted image (TR = 500 msec, TE = 
30 msec). 

B, T2-weighted image (TR = 2000 msec, TE 
= 60 msec). 


(one patient), and regional lymph-node enlargement (one pa- 
tient). Other findings noted by MR and undetected by CT 
included cholelithiasis (two patients) and periportal inflamma- 
tion (one patient). 

MR information inferior to CT was noted in 17%. CT 
provided better delineation of the pancreatic head from adja- 
cent duodenum in two patients. The focal enlargement of the 
body of the pancreas in one patient with cystadenocarcinoma 
was poorly seen on MR images. CT clearly delineated duo- 
denal metastasis, whereas on MR images this mass lesion 
was not distinguishable from the duodenum or pancreatic 
head. Pancreatic calcifications seen on the CT images of four 
patients with chronic pancreatitis could not be reliably de- 
tected on MR images. 

Correlation of the MR images with corresponding CT sec- 
tions showed poorly defined regions of low signal intensity 


weighted image, which increases in signal intensity on T2-weighted image. 
Small pseudocyst seen on CT was not clearly discernible on MR images. 

A, T1-weighted image (TR = 0.5 sec, TE = 30 msec) through region of 
pancreas. 

B, T2-weighted image (TR = 2.0 sec, TE = 60 msec) through region of 
pancreas. 

C, CT image at about same level as A and B. 





relative to adjacent pancreatic tissue (Fig. 5). MR did not 
show dilatation of the pancreatic duct seen on CT sections in 
two of four patients. MR also did not show three of the nine 
pseudocysts present in five patients. These three pseudo- 
cysts were shown on CT and measured less than 2 cm in 
diameter. 


Discussion 


Compared with earlier MR results, our study shows that 
technical advances have improved the ability of MR imaging 
to delineate the normal and abnormal pancreas [7-9]. How- 
ever, the results of the current study indicate that MR imaging 
has advantages over CT only in selected cases. On a 0.35-T 
magnet the normal pancreas could be identified in all cases 
by using both T1- and T2-weighted images. In four patients 
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Fig. 4.—Adenocarcinoma of pancreatic head evaluated after cholecys- 
tojejunostomy. There is better definition of mass lesion (arrows) on T2- 
weighted image (B) than on T1-weighted image (A) or CT (C) image. Tumor 
signal intensity is similar to that of normal pancreas. There is no impairment 
of MR image quality from clip artifacts. 


with pancreatic disease, however, MR quality was poor. None 
of these four patients had received glucagon before the MR 
examination. A recent publication has concluded that the use 
of glucagon intramuscularly improves MR imaging of the 
abdomen and pelvis by reducing bowel peristalsis [15]. Our 
study supports this conclusion. In addition, in imaging the 
pancreas, oral contrast material may be advantageous as an 
adjunct to glucagon [16]. 

Limitations of MR imaging of the pancreas with currently 
used pulse sequences result from bowel peristalsis and res- 
piratory motion. Image-acquisition times are relatively long, 
and respiratory gating further prolongs the scanning times 
[17]. The resolving power of MR imaging is currently inferior 
to CT, and therefore it was difficult to detect small pseudo- 
cysts, dilated pancreatic ducts, and small areas of inflamma- 
tory change in the pancreas. Pancreatic calcifications are not 
discriminated reliably by MR imaging. 

MR imaging was useful in the assessment of the extent of 
neoplastic disease either in diagnosing direct liver invasion or 
liver metastases or in determining vascular involvement. The 
advantages of MR in the evaluation of the postoperative 
patient were shown in three of the eight patients who had 
surgery. MR could clearly show liver metastases, portal ve- 
nous thrombosis, and carcinoma of the pancreatic head be- 
cause there were no artifacts from surgical clips. 

Tissue characterization by MR imaging in order to differ- 
entiate between focal inflammatory and neoplastic diseases 
was unsuccessful. Signal intensities from different histologic 
types of tumors did not differ significantly among themselves 
or from those of normal pancreatic tissue. While this confirms 
previous reports of low contrast resolution between pan- 
creatic tumors and adjacent normal pancreatic tissue [14], 
both series (this series and the series in Schmidt et al. [14]) 
relied on a small number of patients and limited use of TR/ 
TE sequences. Calculations of relaxation times with a two- 
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A, T1-weighted image (TR = 0.5 sec, TE = 30 msec) through region of 
pancreatic head. d = duodenum; | = inferior vena cava. 

B, T2-weighted image (TR = 2.0 sec, TE = 60 msec) through region of 
pancreatic head. 

C, CT image at about same level as A and B. 


point method rendered no significant differences between 
neoplastic, inflammatory, and normal pancreatic tissue in our 
study. 

T1 and T2 relaxation values of various parameters calcu- 
lated from MR images are not the true tissue values, although 
they do have a reliable relationship to the true values and are 
reproducible for a given image [18]. However, Jenkins et al. 
[19] reported highly significant differences in the T1 values 
for pancreatic tumors and chronic pancreatitis relative to 
normal controls by use of a multipoint method. Differentiation 
between cystic and solid-mass lesions of the pancreas seems 
to be feasible if the lesions are larger than 2 cm in diameter. 
The effects of prolonged T1 and T2 relaxation times of fluid 
collections are easy to recognize as long as protein content 
and cellular debris are low [20]. 

Further technical improvements are necessary to establish 
MR imaging as a method of choice in the diagnosis of pan- 
creatic diseases. Artifacts caused by respiratory motion can 
be corrected by data postprocessing methods [21] or by the 
use of rapid image-acquisition modes (Fig. 6) [22]. The prob- 
lems of low signal-to-noise ratios might be improved by the 
development of new body and surface coils, as suggested by 
Simeone et al. [23]. Other potential advances, such as chem- 
ical-shift imaging and the use of paramagnetic contrast media, 
have not yet been applied to the pancreas. With improvement 
of localization techniques in MR spectroscopy, physiologic 
spectra may be obtained from the pancreas in vivo [24]. 

From our results, we conclude that (1) current MR imaging 
does show the pancreas well, especially if the patient fasts 
and glucagon is administered intramuscularly before MR im- 
aging; (2) the change in signal intensity and T1 and T2 
relaxation times calculated with our technique currently are 
not specific enough to differentiate among various pancreatic 
diseases; (3) in the diagnosis of pancreatitis, the changes in 
MR signal intensity add to the morphologic appearance, but 
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Fig. 5.—Chronic pancreatitis. 
A, Transverse MR image (TR = 1.5 sec, TE = 28 msec) through region of pancreatic head. 
B, CT image at same level. Extensive calcifications are not fully appreciated on MR image. 


MR imaging does not clearly show calcifications; and (4) for 
image evaluation of any pancreatic disease, CT seems to be 
superior to MR imaging. When CT results are equivocal and 
differ from clinical findings or when clip artifacts impair CT 
images, MR imaging can add to the information provided 
by CT. 
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Fig. 6.—Normal pancreas. One of three multi- 
slice sequences obtained in 16 sec (breath-hold 
image). TR = 125 msec, TE = 20 msec. Flip angle 
70°. Exquisite detail of internal pancreatic archi- 
tecture and sharp imaging of pancreas because 
of lack of respiratory motion. Mirror image of flow 
artifact from inferior vena cava (arrow). 
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MR Imaging of Hepatic Focal 


Nodular Hyperplasia: 
Characterization and Distinction from 
Primary Malignant Hepatic Tumors 





Spin-echo MR imaging at 0.35 T was used to image hepatic focal nodular hyperplasia 
(FNH) and to attempt to distinguish it from primary malignant hepatic tumors. There 
were six FNH and 10 malignant tumors including seven hepatocellular carcinomas, two 
cholangiocarcinomas, and one hepatoblastoma. Our results show that FNH has a fairly 
consistent appearance, dissimilar from that of malignant primary hepatic tumors. Four 
of six FNH lesions were isointense (except for a central scar in three) and indistinguish- 
able from normal hepatic parenchyma on all pulse sequences, whereas two of six were 
homogeneous but slightly hyperintense on T2-weighted sequences. Furthermore, a 
central hyperintense scar was seen in three of six lesions on T2-weighted sequences. 
In contrast, each of the malignant primary hepatic tumors was hyperintense on T2- 
weighted sequences and seven of 10 were hypointense on T1-weighted sequences; in 
nine of 10, heterogeneous areas of intensity were noted. In two fibrolamellar hepatocel- 
lular carcinomas a central scar was seen that was hypointense on all pulse sequences. 
By using quantitative data, the best characterization was obtained by using lesion/ 
normal-liver intensity ratios from a T2-weighted sequence; all FNH had a ratio <1.33, 
while in nine of 10 primary malignant tumors it was >1.41. 

We conclude that focal nodular hyperplasia may have a consistent appearance on 
spin-echo MR imaging and probably can be distinguished from primary malignant lesions 
in most instances. 


Previous studies have determined that cavernous hemangioma, the most com- 
mon primary benign hepatic neoplasm, can be distinguished from malignant hepatic 
neoplasms with a relatively high accuracy by using spin-echo MR imaging [1-3]. In 
this investigation we attempted to determine whether MR can distinguish another 
primary benign hepatic neoplasm, focal nodular hyperplasia (FNH), from primary 
malignant hepatic neoplasms. 


Subjects and Methods 


Fifteen patients with primary hepatic tumors detected by other imaging techniques (CT or 
sonography) were selected for MR imaging. Five patients had FNH, including one patient with 
two lesions. Ten patients had malignant primary tumors consisting of seven hepatocellular 
carcinomas (including two of the fibrolamellar type), two cholangiocarcinomas, and one 
hepatoblastoma. 

All malignant lesions were pathologically proven by surgical resection or biopsy. Three 
patients with FNH (including the patient with two lesions) had proof of diagnosis by surgical 
biopsy. In the other two patients, proof was obtained via correlative imaging studies (focal 
lesion on CT or sonography with normal technetium-99m sulfur-colloid uptake on liver-spleen 
scintigram). In one of these latter two patients, percutaneous needle biopsy was also 
consistent with the diagnosis of FNH. Contrast-enhanced CT scans were obtained in all 
patients. 

MR imaging was performed in all patients with a Diasonics MT/S superconducting magnet 
operating at 0.35 T; details of this imager have been described [4]. Spin-echo images were 
obtained at repetition times (TRs) of 0.5 and 2.0 sec. Echo-delay times (TEs) were 28 and 56 
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msec in five patients; 30 and 60 msec in two patients; and 50, 100, 
and 150 msec in eight patients. 

Intensity measurements of liver lesions and normal hepatic paren- 
chyma were obtained by defining regions of interest with an electronic 
cursor. For lesions with heterogeneous intensities, the cursor was 
positioned over the largest area of uniform signal intensity at any 
given pulse sequence. If lesions were not visible on a pulse sequence, 
the region of interest was positioned on the corresponding region of 
abnormality as determined from another pulse sequence or from CT 
data. Ratios of intensities of hepatic lesions to normal liver were then 
calculated at all pulse sequences by using these measurements. T1 
and T2 relaxation times of the liver masses and normal parenchyma 
were derived from intensity data with software provided by the 
manufacturer, as previously described [5]. Ratios of lesion T1/normal- 
liver T1 as well as lesion T2/normal-liver T2 were derived. Quantitative 
data from the FNH group were compared with data from the malignant 
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tumor group by using the unpaired Student's t test. The data were 
also expressed in histogram form for the best characterization. 

The liver lesions were qualitatively analyzed by using visual as- 
sessment at all pulse sequences to evaluate their intensity, homo- 
geneity or heterogeneity, contour, and multiplicity. 


Results 


The mean size of the six FNH lesions was 5.3 cm (range 
3.0-8.7 cm). On visual assessment three of these six lesions 
were homogeneous in intensity on all pulse sequences (Fig. 
1). The other three lesions were homogeneous except for a 
“central scar” that corresponded to the scar seen on CT or 
sonography (Fig. 2). In all three lesions the scar was hypoin- 
tense relative to normal hepatic parenchyma on relatively T1- 





Fig. 1.—Focal nodular hyperplasia (FNH). 


A and B, At both TR = 0.5 sec, TE = 30 msec (A) and TR = 2.0 sec, TE = 100 msec (B), FNH lesion is not visible. 


C, Contrast-enhanced CT image shows FNH lesion in right lobe (arrows). 


p 








Fig. 2.—Two focal nodular hyperplasia (FNH) lesions invisible except for central scar in larger mass. 

A, TR = 0.5 sec, TE = 30 msec. FNH lesions are not visible except for low-intensity central scar (arrow) in right-lobe lesion. 

B, TR = 2.0 sec, TE = 150 msec. Central scar in right-lobe lesion is hyperintense. Left-lobe lesion cannot be identified with confidence. 

C, Contrast-enhanced dynamic CT image shows two areas of hypervascular FNH (arrows). Central hypodense scar in right-lobe lesion (arrowheads) 
corresponds anatomically to central scar seen on MR images. 
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weighted images (TR = 0.5 sec, TE = 28 or 30 msec) but 
hyperintense on more T2-weighted sequences (TR = 2.0 sec; 
TE = 50, 56, 60, 100, or 150 msec). With the exception of 
the central scar, four of six FNH lesions were isointense with 
liver on all pulse sequences (Figs. 1 and 2), while in two of 
six lesions there was a slight relative hyperintensity on T2- 
weighted sequences. In one of these latter patients the lesion 
was slightly hypointense compared with liver at TR = 0.5 sec, 
TE = 30 msec, while in the other patient the lesion was 
isointense at TR = 0.5 sec. 

In contrast, the malignant tumors tended to show marked 
heterogeneity of intensity within any given lesion (Fig. 3). 





Fig. 3.—Multicentric hepatocellular carcinoma 
with diffuse liver involvement shows areas of 
marked signal hyperintensity and heterogeneity at 
TR = 2.0 sec, TE = 100 msec. 
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Areas of hypointensity were present in eight of 10 tumors and 
hyperintensity in three of 10 on T1-weighted sequences. All 
10 patients with primary malignant neoplasms had hyperin- 
tense areas within lesions on T2-weighted sequences. The 
two patients with fibrolamellar hepatocellular carcinoma had 
central scars within their tumors. These differed in appearance 
from the central scars of FNH in that they were hypointense 
relative to normal hepatic parenchyma on both T1- and T2- 
weighted pulse sequences (Fig. 4). 

Of the quantitative data, the absolute lesion intensity at 
different pulse sequences and the calculated T1 and T2 
relaxation times were not useful in lesion characterization. 
There was a significant difference (p < .01) between T1 
values for FNH (mean + SD = 483 + 112 msec) vs malignant 
tumors (mean + SD = 694 + 161 msec); however, the range 
of absolute values overlapped (385-682 msec for FNH, 357- 
924 msec for malignant tumors), so meaningful characteriza- 
tion was precluded. Mean T2 values showed no significant 
difference (p > .1) (mean + SD = 64 + 4 msec for FNH, 72 
+ 17 msec for malignant tumors). However, the ratios of 
intensities of lesion/normal liver at TR = 2.0 sec, TE = 50- 
60 msec showed significant characterization potential: The 
mean intensity ratio for FNH of 1.12 + 0.15 was significantly 
different from the value for primary malignant tumors (mean 
+ SD = 1.55 + 0.18 msec) with Student’s t test (p < .001). 
Displaying these data in histogram form showed that FNH 
was separable from all malignant lesions except for one 
fibrolamellar hepatocellular carcinoma (Fig. 5). A cutoff point 
for lesion characterization could be identified from this histo- 
gram: Any lesion in our series with a ratio greater than 1.33 
was not FNH. Although one fibrolamellar heptocellular carci- 
noma did overlap with the FNH lesions (ratio of 1.26), quali- 
tative imaging characteristics could differentiate the two proc- 
esses, particularly with respect to the appearance of the 
central scar. 





Fig. 4.—Fibrolamellar hepatocellular carcinoma. 


A, Contrast-enhanced CT scan shows right-lobe lesion (arrows) with central scar. 
B, At TR = 0.5 sec, TE = 28 msec, central hypointense scar is present (arrows). Remainder of hepatocellular carcinoma is slightly hypointense relative 


to normal hepatic parenchyma. 


C, At TR = 2.0 sec, TE = 56 msec, lesion is somewhat heterogeneous in intensity and scar remains hypointense. (Compare with Figs. 2A and 2B.) 
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Fig. 5.—Histogram of liver-lesion/normal-liver intensity of T2-weighted 
sequence shows very good separation between focal nodular hyperplasia 
(FNH) and primary malignant hepatic tumors. 


Histograms of intensity ratios obtained from other pulse 
sequences and of ratios of calculated relaxation times were 
less useful in separating FNH from malignant primary tumors. 
The ratios of lesion T2/normal-liver T2 for FNH vs malignant 
tumors are depicted in histogram form in Figure 6. Although 
the difference between the mean ratio value of FNH (1.12 + 
0.06) and primary malignancies (1.43 + 0.25) was statistically 
significant (p < .01), the histogram reveals that the values 
overlapped considerably. 


Discussion 


Our results suggest that spin-echo MR imaging can discrim- 
inate between FNH and primary malignant hepatic tumors. 
This is clinically important since CT cannot reliably distinguish 
FNH from hepatocellular carcinoma (particularly in lesions 3 
cm or smaller [6]). Both quantitative and qualitative data are 
useful for such characterization purposes. Our findings are in 
accord with prior investigations, which have shown hetero- 
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Fig. 6.—Histogram of liver-lesion T2/normal-liver T2 is not as effective 
as the intensity ratio of T2-weighted sequence in the characterization of 
focal nodular hyperplasia (FNH). (Compare with Fig. 5.) 
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geneity and hyperintensity in primary malignant hepatic tu- 
mors on T2-weighted sequences [7-9]; this reflects prolon- 
gation of T2 relaxation times in these neoplasms. In contrast, 
FNH is either entirely homogeneous (three of six lesions) or 
homogeneous except for the presence of a central scar (three 
of six lesions). Furthermore the intensity of the lesion in FNH 
is very similar to that of normal hepatic parenchyma: Four of 
six lesions (excepting the central scar) were isointense on all 
pulse sequences, while two of six lesions showed slight 
hyperintensity on T2-weighted sequences. Thus, these le- 
sions may be overlooked by MR unless a central scar is 
present or another imaging test has detected a hepatic lesion. 

The similar MR appearance of FNH and normal hepatic 
parenchyma probably reflects the components of this benign 
neoplasm: The tumor is composed of nodules of normal 
hepatocytes and Kupffer cells [10]. The margins of the FNH 
lesions were defined very poorly or were not visible. This is 
consistent with the histology of the lesion, which lacks a true 
capsule. The apparent sharp demarcation in the gross spec- 
imen is the result of compression atrophy of surrounding 
parenchyma [10]. Evidently such atrophy does not cause 
signficant MR signal differences compared with normal he- 
patic parenchyma. 

The signal characteristics of the central scar demonstrated 
in three of six FNH lesions are noteworthy: Each was hypoin- 
tense on 1T1-weighted images and hyperintense on T2- 
weighted images (independent of whether TE, ranging from 
50 to 150 msec, represented an even or odd echo). If the 
signal solely reflected the presence of a collagenous scar, 
one would expect hypointensity at all pulse sequences be- 
cause of the short T2 of collagen [11]. The actual MR ap- 
pearance of the scar may be due to the presence of bile ducts 
and arterial and venous channels that radiate in the septa of 
the collagenous scar [12]. Either bile or slowly flowing blood 
could explain the hyperintensity on T2-weighted images. In 
contrast, the central scar of the two fibrolamellar hepatocel- 
lular Carcinomas we imaged had signal characteristics that 
would be more typical for collagen. Each was hypointense on 
both T1- and T2-weighted sequences. On review of these 
pathology specimens, there were indeed collagenous fibrous 
septa in a lamellar pattern separating the neoplastic cells: 
furthermore, these septa were poorly vascularized. 

Our quantitative data show that intensity ratios of lesion 
relative to normal liver can be used to separate FNH from 
primary malignant tumors. In our series if this ratio exceeded 
1.33 on a T2-weighted sequence, the lesion did not represent 
FNH. We have previously shown the value of using intensity 
ratios for diagnosis of another primary liver tumor, cavernous 
hemangioma [1]. While FNH can be easily distinguished from 
hemangioma, since the latter is generally markedly hyperin- 
tense (and homogeneous in intensity) compared with normal 
liver (intensity ratio >1.4) at TR = 2.0 sec, TE = 56 msec, 
more data are required to determine whether FNH can be 
distinguished from hepatic adenoma. 

This investigation did not specifically address the charac- 
terization of FNH vs hepatic metastatic disease, since the 
lesions in the latter are usually multiple and occur in the 
setting of a known primary malignant neoplasm. However, 
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previous studies [7, 9] suggest that hepatic metastases 
should be distinguished from FNH with MR since the former 
are often heterogeneous in appearance and typically are 
hypointense at TR = 0.5 sec, TE = 28-30 msec and hyper- 
intense at TR = 2.0 sec, TE = 50-60 msec. 

In conclusion, our data suggest that FNH can be distin- 
guished from malignant primary hepatic tumors, hepatic cav- 
ernous hemangioma, and hepatic metastases. In our series, 
FNH was least distinguishable from normal hepatic paren- 
chyma on the pulse sequences used. Whether this would be 
true with a more T1- or T2-weighted sequence and a different 
magnetic field strength awaits future study. Furthermore, the 
central scar of FNH, when visible, differed in MR appearance 
from the scar seen in fibrolamellar hepatocellular carcinoma. 
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Nodular Regenerative 
Hyperplasia of the Liver: 
Clinical and Radiologic Observations 





This report describes 21 cases of nodular regenerative hyperplasia (NRH) and its 
clinical and radiologic features. NRH of the liver is an established pathologic entity that 
should not be confused with focal nodular hyperplasia, hepatocellular adenoma, or the 
regenerative nodules associated with cirrhosis. Correct diagnosis will prevent an un- 
necessary hepatic lobectomy should NRH be mistaken for hepatocellular adenoma. 
Unlike focal nodular hyperplasia, NRH may bleed, may be associated with portal 
hypertension in one-half of cases, and is often associated with a systemic disease such 
as a myelo- or lymphoproliferative disorder. Correct diagnosis is important because the 
prognosis in patients with NRH and portal hypertension is better than that in patients 
with portal hypertension due to cirrhosis. Radiologically, multiple nodules, large masses, 
or an apparently normal liver (containing nodules less than 0.5 cm in diameter) were 
visible. The nodules may take up technetium sulfur colloid and have variable echogen- 
icity on sonography. They are often hypodense on CT without significant enhancement. 
The nodules may fill from the periphery on angiography, are vascular, and sometimes 
contain small hypovascular areas due to hemorrhage. A large nodule may rupture and 
cause hemoperitoneum. These findings may resemble some features of focal nodular 
hyperplasia, hepatocellular adenoma, or metastases. NRH is probably underdiagnosed 
owing to a lack of recognition of the entity and limited sampling of liver tissue by needle 
biopsy. 

Scintigraphy, sonography, and CT of the liver should be performed in cases of 
idiopathic portal hypertension to detect NRH. In cases with compatible findings, multiple 
needle biopsies or a laparoscopically guided needle biopsy or wedge liver biopsy should 
be recommended for definitive diagnosis. 


Nodular regenerative hyperplasia (NRH), also known as nodular transformation, 
is characterized histologically by diffuse involvement of the liver by hyperplastic 
nodules composed of cells resembling normal hepatocytes (Fig. 1) [1-8]. The 
nodules range in size from smaller than a hepatic acinus to conglomerate nodules 
forming large masses [1, 2]. Portal areas may be trapped within the nodules. No 
significant fibrosis is found in or around the nodules. This is an important feature 
distinguishing NRH from cirrhosis and from focal nodular hyperplasia of the liver. 
Large nodules, viewed out of context of the diffuse nodularity, can mimic hepato- 
cellular adenoma histologically. Thus, limited sampling by needle biopsy may yield 
a false diagnosis of hepatocellular adenoma or normal liver [1, 9]. 

Although the prevalence of NRH may be as high as 0.6% on the basis of autopsy 
series [10], it is probably underdiagnosed because the entity is not easily recognized 
and because needle biopsy of the liver can be misinterpreted. Clinically, portal 
hypertension is found in up to one-half of the cases [1]; these patients are often 
presumed to have cirrhosis or idiopathic portal hypertension, and cross-sectional 
imaging studies of the liver are not always done. Only a few case reports have 
appeared in the radiologic literature [11-13]. A variety of systemic diseases and 
drugs are often associated with NRH and provide a clue to its diagnosis, particularly 
when portal hypertension is present [9, 10, 14-25]. 
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We describe the clinical and radiologic features of NRH in 
order to familiarize the radiologist with its manifestations. This 
is important because correct diagnosis will prevent an unnec- 
essary hepatic lobectomy should NRH be mistaken for hep- 
atocellular adenoma. It will prevent an unnecessary search 
for a primary neoplasm should the multiple nodules of NRH 
be mistaken for metastases. Correct diagnosis will also pro- 
vide appropriate prognosis; the prognosis of NRH differs from 
focal nodular hyperplasia because of the associated portal 
hypertension, systemic diseases, and risk of hemorrhage or 
rupture of a large nodule in NRH, and differs from cirrhosis 
since portal hypertension in cirrhosis carries a poorer prog- 
nosis. 


Materials and Methods 


Pathologically proven cases of NRH accessioned to the Armed 
Forces Institute of Pathology from 1981 to 1985 were the basis of 
this study. Of 48 cases of NRH, 21 had relevant examinations of the 
liver—technetium (Tc) sulfur colloid scintigraphy, angiography, so- 
nography or CT—and were included in this study. 

Studies available for review included radiographs of the abdomen 
(nine cases), chest radiograph (three cases), and upper gastrointes- 
tinal series (three cases), which were evaluated for the presence of 
hepatosplenomegaly, ascites, pleural effusion, or varices. Seven Tc- 
sulfur colloid scans (one with single-photon emission CT scan) were 
evaluated for the pattern of uptake, size of the liver and spleen, and 
presence of photopenic defects. Angiography (celiac artery injection, 
three cases) and inferior venacavograms (three cases) were evaluated 
for liver vascularity, hepatosplenomegaly, collateral flow, portal hy- 
pertension, and inferior vena caval compression. Cross-sectional 
imaging included sonography in five and CT scans in 12 (five pre- 
and postenhancement, four unenhanced only, and three enhanced 
only), which were evaluated for echogenicity, CT density, texture of 
the liver, characterization of the liver masses, organomegaly, and 
presence of ascites. 

Clinical data were tabulated, including presentation, presence of 
underlying disease, drug history, signs of portal hypertension, hyper- 
splenism, and liver function tests. 

All cases had either wedge biopsy of the liver or surgical or autopsy 
material submitted for review, with the exception of one case diag- 
nosed by multiple needle biopsies. All cases showed microscopically 
diffuse parenchymal nodularity in the absence of fibrosis, with or 
without large conglomerate nodules (Fig. 1). 
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Fig. 1.—A, Photograph of gross specimen 
showing nodular regenerative hyperplasia of 
liver. Cut surface of liver shows multiple small 
nodules distributed throughout parenchyma. 
Liver was soft to palpation (unlike the firm liver 
of cirrhosis). 

B, Microscopic appearance. Multiple nodules 
of cells resembling hepatocytes, without fibro- 
sis, are seen. Atrophy of hepatocytes surround- 
ing nodules leaves reticulin framework of liver 
outlining nodules (reticulin stain, x 25). 


Results 


Clinical Findings 


Of 21 cases there were 11 men and 10 women, ranging in 
age from 8 to 81 years (average, 48 years). Only two were 
children, ages 8 and 13, respectively. Fifteen were white, two 
were black, one was Hispanic, and in three, race was not 
specified. Associated diseases were present in eight patients 
and included chronic granulocytic leukemia, chronic lympho- 
cytic leukemia, seropositive rheumatoid arthritis, myeloproli- 
ferative syndrome, myelofibrosis with myeloid metaplasia, 
congestive heart failure (two cases), and Thorotrast exposure. 

Eight patients were known to be taking medications, in- 
cluding steroids (birth control pills in three, oxymetholone in 
one), antineoplastic drugs (busulfan in two), phenytoin (one), 
and gold and penicillamine (one). Drug histories were not 
specified in four patients. 

Clinical presentations included abdominal pain (six cases), 
bleeding esophageal varices (four cases), nonspecific consti- 
tutional symptoms (two cases), chronic splenomegaly (one 
case), underlying systemic disease (one each with myelopro- 
liferative syndrome and myelofibrosis), and hepatorenal syn- 
drome (one case). Five cases of NRH were found incidentally 
on physical examination, CT, laparotomy, or autopsy. Other 
clinical features included ascites (eight cases, hemorrhage 
with associated hypotension in four cases), signs of hyper- 
splenism (splenomegaly or hematologic abnormalities, three 
cases), and signs of portal hypertension (ascites, bleeding 
varices, or splenomegaly, seven cases). Liver function tests 
(available in 17 patients) were slightly elevated in five. Perito- 
neoscopy performed in one case showed dilated venous 
collaterals and a micronodular liver surface. 


Radiologic Findings 


Abdominal radiographs (plain film or upper gastrointestinal 
series) in 9 cases showed ascites in three, splenomegaly in 
four, and residual Thorotrast in a shrunken liver and spleen 
with dense peripancreatic nodes in one; one case was normal. 
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Esophageal varices were shown in one of the three barium 
studies. Chest radiographs showed two patients to have 
congestive heart failure with pleural effusions. 

Tc-sulfur colloid scintigraphy in seven cases showed 
patchy liver uptake in two, focal photopenic areas with focal 
patchy uptake within the nodule in two (Fig. 2), and spleno- 
megaly in three. In two patients with splenomegaly, liver 
uptake was normal. 

Angiography (nine cases) showed a hypervascular mass or 
masses in three cases with a suggestion of multiple small 
avascular foci thought to correspond to areas of hemorrhage 
within the nodules (Fig. 3A). The hepatic arteries were dis- 
torted without a discrete mass in two cases; one of these 
was a case of Thorotrast exposure with tortuous vessels and 
poorly defined hypervascular foci. Four cases showed no 
focal masses. The hepatic arterial flow was decreased in 
three cases apparently because of the shunting of blood to 
the enlarged spleen. In one case, the vessels supplying a 


Fig. 2.—Technetium sulfur-colloid scans in 
two different patients with nodular regenerative 
hyperplasia of liver. 

A, A large pedunculated mass extends from 
inferior margin of right lobe (arrows). There is 
patchy uptake of radionuclide within mass. Re- 
mainder of the liver shows homogeneous uptake 
in spite of diffuse microscopic nodularity. 

B, Single-photon emission CT scan, trans- 
verse plane. In this case, diffuse hepatic nodules 
cause multiple photopenic areas, but one large 
nodule has central uptake of radionuclide (ar- 
row). 


Fig. 3.—Celiac angiogram in two different pa- 
tients with nodular regenerative hyperplasia of 
liver. 

A, Arterial phase showing a pedunculated 
mass with a spokewheel pattern of filling from 
periphery (same case as Fig. 2A). 

B, Late parenchymal phase showing a vas- 
cular blush in a nodular liver with areas of avas- 
cularity (arrows). 
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large nodule had a radiating or spokewheel pattern (Fig. 3B). 
Esophageal varices were seen in four cases, moderate sple- 
nomegaly in three, and extrinsic compression of the main 
portal vein by a nodule in one. A single small intrasplenic 
aneurysm was seen in one case. Two of three venacavograms 
showed extrinsic compression by liver nodules of NRH. 

Sonography (five cases) showed an isoechoic mass with 
respect to liver in two cases (one a large pedunculated lesion) 
(Fig. 4). In one case there were multiple small echogenic 
masses with occasional anechoic centers corresponding to 
hemorrhagic foci within the nodules (Fig. 4). In two cases, no 
masses were identified (owing to their small size). Ascites 
was seen in one case. 

CT (12 cases) showed a mass or masses that were hypo- 
dense with respect to adjacent liver in five cases (Fig. 5). The 
nodules measured 0.2 to 10 cm in diameter on CT. In no case 
was there significant enhancement with IV contrast material. 
In one case, in addition to hypodense masses, there was a 
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hyperdense mass, possibly representing hemorrhage within 
a nodule. One mass was pedunculated and isodense with 
respect to the liver. Nonspecific hepatomegaly was seen in 
one case, changes of Thorotrast exposure was seen in one 
case, and in the remaining four cases the liver appeared 
normal owing to the small size of the nodules. CT showed 
portal hypertension in seven patients, ascites in four, and 
splenomegaly in three. 


Discussion 


The radiologic features of NRH reflect its composition of 
cells resembling normal hepatocytes and Kupffer cells (pres- 
ent within or between the nodules), the tendency for large 
nodules to bleed, and the presence of portal hypertension. 
Patients with NRH may be asymptomatic or may present with 
idiopathic portal hypertension with varices, splenomegaly, or 
ascites evident radiologically. If a liver spleen scan shows 
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Fig. 4.—Longitudinal sonogram of liver. 

A, A large nodule in inferior right lobe of liver 
(straight arrows) is isoechoic with respect to 
areas of liver at comparable depths. Inferior vena 
cava is compressed (curved arrow). 

B, A 5.5 x 3.5 cm echogenic nodule is shown 
in left lobe with a cystic central area representing 
hemorrhage within nodule. Echogenic nodules 
were also scattered throughout right lobe. 


Fig. 5.—A, CT without IV contrast material in 
a patient with nodular regenerative hyperplasia. 
Multiple low-density nodules of varying size are 
scattered throughout liver parenchyma. This pa- 
tient subsequently had a liver transplant. 

B, Hepatectomy specimen, cut surface, shows 
nodules corresponding to CT. (Reproduced 
courtesy of E. L. Barnes, Dept. of Pathology, 
Presbyterian University Hospital, Pittsburgh, PA.) 


discrete masses, particularly if uptake of sulfur colloid is seen 
within a mass, then NRH should be considered, and the 
radiologist should recommend sonography and CT to look for 
other findings suggesting NRH. These include hypoechoic or 
isoechoic masses on sonography, particularly with anechoic 
centers (Suggesting hemorrhage) and a hypodense pattern 
on CT with minimal or no enhancement. 

NRH may have some radiologic features that resemble 
those of focal nodular hyperplasia, hepatocellular adenoma, 
or hepatic metastases. Other tumors (hepatocellular carci- 
noma or sarcomas, for example), when multiple, should be 
considered in the differential diagnosis. As with NRH, focal 
nodular hyperplasia, hepatocellular adenoma, and metastases 
may be multiple, hypodense on CT, have variable echogen- 
icity, and contain areas of hemorrhage centrally that may 
manifest as central sonolucency [26-29]. A stellate central 
scar, characteristic of focal nodular hyperplasia, has not been 
seen in NRH. Unlike hepatocellular adenoma, our cases of 
NRH did not enhance significantly, except for one patient in 
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whom the NRH enhanced and had central hemorrhage. These 
entities are not usually accompanied by portal hypertension. 
Uptake of Tc sulfur colloid in a hepatic mass has been 
suggested as virtually pathognomonic of focal nodular hyper- 
plasia [26, 30]. Recent pathologically correlated data indicate 
that this may occur infrequently in hepatocellular adenomas 
(Lubbers P, unpublished data) and rarely in hepatoblastoma 
[31]. A spokewheel pattern on angiography with filling from 
the periphery, seen in one of our cases, has also been 
described as a feature of focal nodular hyperplasia [27, 32] 
and hepatocellular adenoma [27]. When multiple liver nodules 
are present, NRH and metastases should be considered in 
the differential diagnosis; however, most multiple hepatic 
metastases show some enhancement and are usually not 
incidental findings. When the nodules are microscopic in size, 
sonography or CT may be normal or may show findings of 
portal hypertension. Thus, even if hepatic masses are not 
evident radiologically, the radiologist should include NRH in 
the differential diagnosis of noncirrhotic portal hypertension, 
for example, when splenomegaly, varices, and/or ascites are 
present. 

The pathogenesis of NRH is obscure; vascular, immune, 
and hormonal factors and drug effects have been hypothe- 
sized [1, 2, 10, 11, 16]. One theory is that a vasculitis or 
vascular obstruction of small hepatic arteries or portal veins 
occurs at the level of the acinus. This causes ischemic atrophy 
of the involved acinus resulting in mild elevation of liver 
enzymes and bilirubin. Adjacent acini with an intact blood 
supply then undergo compensatory hyperplasia causing 
micronodularity. Coalescence of small nodules leads to the 
formation of large macroscopic nodules and masses, which 
are evident radiologically. Portal hypertension may be related 
to compression of terminal hepatic venules, portal veins, or 
sinusoids by a vasculitis or by small nodules. Large nodules 
near the porta hepatis may compress the main portal vein, 
thus aggravating the portal hypertension. Sometimes the 
nodules are limited to the portal area, a variant of NRH termed 
“partial nodular transformation” [6]. As with other forms of 
noncirrhotic portal hypertension, the prognosis is usually bet- 
ter than that of patients with portal hypertension due to 
cirrhosis. Portal diversion is useful in relieving the symptoms 
of portal hypertension in NRH [33]. 

NRH occurs in men and women equally and is reported in 
all ages and races [10]. Many cases are found incidentally on 
physical examination, radiologic examination, autopsy, or dur- 
ing workup for associated disease. There is experimental 
evidence that NRH may be a precursor of hepatocellular 
carcinoma |1, 24]. NRH may be fatal either because of 
complications of portal hypertension such as bleeding varices 
or from rupture of a large nodule. If a patient with a large 
nodule shown radiologically develops hypotension or other 
signs of acute blood loss, a bleeding nodule can be confirmed 
sonographically and treated with surgical resection. 

Diseases associated with NRH include myeloproliferative 
syndromes [1, 14, 15], lymphoproliferative syndromes [1, 9, 
10, 14-16], and miscellaneous immune-related disorders [1, 
15-21]. Various drugs have also been implicated, although 
most are probably not causative; these include steroids (par- 
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ticularly oral contraceptives), antineoplastics, and others [1, 
11, 22-25]. The etiologic role of these diseases and drugs 
and the exact incidence of NRH in these diseases is uncertain. 
When NRH is diagnosed, one should look for associated 
diseases that are not clinically evident. 

In summary, NRH is an underdiagnosed disease that has a 
variable radiologic presentation ranging from a grossly normal 
liver to single or multiple masses, often in a patient with portal 
hypertension. In patients with idiopathic portal hypertension, 
the radiologist should recommend scintigraphy and cross- 
sectional imaging studies of the liver to look for NRH. If 
multiple hepatic masses characteristic of NRH are detected, 
particularly in a patient with idiopathic portal hypertension or 
a disease known to be associated with NRH, then the radiol- 
ogist should recommend multiple needle biopsies or a lapa- 
roscopically guided needle biopsy or wedge biopsy of the liver 
[34], rather than initiating a search for occult neoplasm. 
Resection is unnecessary unless a nodule bleeds or ruptures. 
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The Mistaken or 
Indeterminate CT Diagnosis 
of Hepatic Metastases: The 
Value of Sonography 





Small liver cysts may be mistakenly diagnosed as metastatic disease on screening 
CT of the abdomen in patients with known carcinoma. These cysts can appear solid as 
a result of volume averaging. On retrospective review of 122 patients with known 
extrahepatic malignancies and liver lesions on CT, 77 had metastases, three had large 
cysts, and two had cavernous hemangiomas. The other 40 were found to have single or 
multiple, small (less than 2-cm), low-density lesions. In 33 patients these were proven 
to be benign hepatic cysts by sonography, follow-up CT, or clinical course. The initial 
CT interpretations in these patients had been metastatic disease in seven (21%), benign 
cysts in five (15%), and indeterminate in 21 (64%). 

Since the distinction between cysts and metastases has important clinical implica- 
tions, sonography should be used whenever the true nature of these lesions cannot be 
determined by CT. 


CT is often the imaging technique of choice in screening the liver for metastatic 
disease. The problem of cystic hepatic neoplasms resembling benign cysts on CT 
is recognized [1, 2]. However, the problem of single or multiple, small, benign cysts 
resembling metastases on CT has not been addressed. The differentiation between 
cysts and metastases has a significant effect on the treatment and prognosis of 
the patient with a known primary malignant neoplasm. This retrospective review of 
the CT scans of 122 oncology patients with liver lesions shows that multiple, small 
(less than 2-cm) hepatic cysts could not be confidently differentiated from metas- 
tases in all cases on the basis of the CT characteristics alone. The true nature of 
these lesions was confirmed by sonography, follow-up CT, or the subsequent 
clinical course of the patient. 


Materials and Methods 


Between December 1984 and February 1986, the abdominal CT scans of 122 patients 
were reviewed retrospectively. These patients all had a known primary extrahepatic malig- 
nancy and liver lesions. CT scans had been obtained either because the patient's tumor type 
had a known propensity to metastasize to the liver or because there was Clinical suspicion 
of hepatic metastases. 

All CT scans were obtained on a GE 9800 scanner with 1-cm-thick slices obtained at 
1-cm intervals after administration of oral and IV contrast material. IV contrast material was 
administered immediately before scanning either as a 50-mI bolus of Angiovist-282 (Berlex, 
Cedar Knolls, NJ) followed by an infusion of 300 ml of Urovist-30% (Berlex), or as a rapid 
infusion of 200 ml of Hypaque-60% (Winthrop-Breon, NY) with a 50-ml air-pressure technique. 

The main focus of this study was single or multiple low-density lesions smaller than 2 cm, 
which often are difficult to characterize definitively by CT. Patients with these lesions had 
sonography, CT, or clinical follow-up to determine their true nature. Patients with multiple 
solid lesions, with or without areas of contrast enhancement, were judged to have hepatic 
metastases and were not followed. Although some of these lesions were less than 2 cm, 
they were always accompanied by larger lesions. Single cysts larger than 3 cm and lesions 
with enhancement patterns characteristic of cavernous hemangiomas on dynamic CT were 
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also not followed. 

Sonographic evaluation was performed with a real-time sector 
scanner and a 3.5-, 5.0-, and/or 7.5-MHz transducer of appropriate 
focal length. The patient’s CT scan was used as a road map to 
identify all the small lesions in the liver. The diagnosis of a small 
hepatic cyst was made when the lesion was echo-free and had good 
through-transmission. The wall could be imperceptible or seen as a 
thin (1-mm), smooth echogenic line. 


Results 


Abdominal CT scans were reviewed of 122 patients with 
known extrahepatic malignancies and liver lesions. Primary 
tumor sites included the gastrointestinal tract (40), breast 
(24), genitourinary system (22), lung (14), pancreas (nine), 
other (seven), and unknown (six). 

Seventy-seven patients (63%) had obvious hepatic metas- 
tases by CT criteria. Three other patients had single, large, 
water-filled cysts of 4-9 cm in size that were confidently 
diagnosed as such by CT. Two additional patients had lesions 
characteristic of cavernous hemangiomas on dynamic CT that 
measured 5 and 6 cm, respectively. The other 40 patients 
(33%) had small (less than 2-cm), focal hepatic lesions of low 
attentuation that were multiple in 21 (range, 2-23 lesions; 
average 4.6). Two of these patients died before a follow-up 
study could be performed, and there was no autopsy. Two 
patients developed diffuse extrahepatic metastases, and their 
livers were not examined further. One patient developed such 
extensive hepatic metastases that the nature of the original 
small hepatic lesions could not be determined. Two patients 
were lost to follow-up. The other 33 patients had sonographic, 
CT, or clinical follow-up and are the focus of this study. 
Percutaneous aspiration of these lesions was not attempted 
because of their small size and multiplicity. Since this was a 
retrospective study, the type of follow-up examination was at 
the discretion of the referring physician. The original CT scans 
of these patients were initially interpreted as cysts in five 
(15%) and metastases in seven (21%); the other 21 (64%) 
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were considered indeterminate. Eighteen patients had benign 
hepatic cysts by sonography (Figs. 1-3). Ten patients had 
follow-up CT at 8 months to 5 years (average, 16.5 months); 
CT showed the lesions to be consistent with benign cysts as 
they did not change in number, size, or appearance. Five 
patients had no follow-up studies. However, their liver lesions 
were judged to be cysts as they had no clinical or laboratory 
evidence of hepatic metastases (e.g., no evidence of either 
hepatomegaly, elevated alkaline phosphatase, or carcinoem- 
bryonic antigen) at an average of 11 months after their prior 
CT scan (range, 9-13 months). 

Of the 18 patients who underwent sonography, CT or 
Clinical follow-up was performed to determine whether the 
sonographic diagnosis of cyst was correct. Nine patients had 
CT follow-up at 6-12 months; CT showed no change in the 
appearance or number of the lesions. Eight patients had 
Clinical follow-up at 6-12 months; all patients were believed 
to be clinically free of disease by their primary physician. One 
patient died before follow-up could be performed, and there 
was no autopsy. 


Discussion 


Hepatic metastases can have a variety of appearances on 
CT. Most appear as lesions of various sizes, with or without 
areas of contrast enhancement; attenuation values are 
greater than that of water but less than that of hepatic 
parenchyma [3]. Although they may have low-density necrotic 
centers, such cystic metastases are usually differentiated 
from benign cysts by the thickness and irregularity of their 
walls. As the scanning speed has increased with newer- 
generation CT equipment, the definition of small, focal hepatic 
lesions has improved. 

This review of 122 oncology patients with liver lesions has 
shown that small hepatic cysts are not an uncommon finding 
on CT scans and can be misdiagnosed as metastatic disease, 
especially when multiple cysts are present (Fig. 3). Of the 33 
patients with small focal lesions, all of which were subse- 


Fig. 1.—CT diagnosis of benign liver 
cysts in malignant melanoma. 

A, Contrast-enhanced CT shows 
well-defined, low-density 0.5- to 1.7-cm 
lesions in right lobe of liver (arrows). 

B, Longitudinal sonogram of right 
lobe of liver shows three anechoic le- 
sions (arrows) with thin, smooth walls 
and good through-transmission indica- 
tive of cysts. 
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Fig. 2.—Malignant hemangiopericy- 
toma and indeterminate liver lesions on 
CT. 

A, Contrast-enhanced CT shows 1.1- 
cm, poorly defined, low-density lesion 
in right lobe of liver (large arrow). 
Smaller lesion is seen posteriorly 
(small arrow). 

B, Longitudinal sonogram shows 
larger lesion to represent benign cyst 
(arrow). Wedge of increased through- 
transmission posterior to cyst is easy 
to identify. D = diaphragm; K = right 
kidney. 


Fig. 3.—Rectal carcinoma and liver 
cyst that appear solid on CT. 

A, Contrast-enhanced CT shows 
low-density 1.8-cm lesion at dome of 
liver (arrows) that appears to partly en- 
hance and have attenuation value 
greater than water. 

B, Subcostal transverse sonogram 
angled up through liver to dome of di- 
aphragm shows this lesion to represent 
two contiguous benign cysts (/ong ar- 
rows) with no internal echoes and good 
through-transmission. Short arrow = di- 
aphragm. 


quently proven to have cysts, the initial CT diagnosis of 
hepatic cyst had only been made with certainty in five cases 
(Fig. 1). In seven patients, these small cysts were misdi- 
agnosed as metastatic lesions. 

On CT a benign cyst appears as a thin-walled, homoge- 
neous lesion whose low-density center classically has an 
attenuation coefficient close to that of water (Fig. 1) [2-6]. 
The density of the water-filled cyst may appear increased, 
however, if the lesion does not occupy the entire thickness 
of the CT slice, causing the attenuation value of normal liver 
parenchyma to be averaged in with that of the water in the 
cyst [4-6]. Even with 1-cm-thick slices, this partial-volume 
effect can cause small (less than 2-cm) benign cysts to mimic 
solid hepatic metastases (Fig. 3). 

Since the presence of hepatic metastases has such strong 
clinical implications, differentiation of cysts from metastases 





CT VS SONOGRAPHY OF 
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must be made with certainty. This differentiation cannot al- 
ways be made on a contrast-enhanced CT scan, and in such 
cases a sonogram should be obtained (Figs. 2-4). The classic 
appearance of a benign hepatic cyst on sonography is an 
anechoic mass with smooth, thin (1-mm) walls and increased 
through-transmission [7-9]. The most common sonographic 
appearance of hepatic metastases is focal areas of increased 
and/or decreased echogenicity relative to normal liver (Fig. 4), 
or there may be a diffuse alteration of the parenchymal echo 
pattern without discrete masses [10-13]. Cystic metastases 
have been sonographically described, but usually can be 
diagnosed as such because of the thickness and irregularity 
of their walls. 

Sonography is a quick and accurate method to characterize 
multiple, small, low-density hepatic lesions seen on CT. The 
CT scan is used as a road map to identify all of the cysts. 
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When attempting to locate very small lesions, we have found 
it helpful to look for the wedge of increased through-trans- 
mission deep to the cyst, rather than trying to locate a small 
cyst among similar-sized hepatic and portal veins (Figs. 1 and 
2). The through-transmission of a small cyst appears to be 
greater than the through-transmission of a similar-sized he- 
patic blood vessel. Such small cysts must be confirmed on 
both longitudinal and transverse sonograms. Cysts located 
at the dome of the liver, especially anteriorly and along the 
outer margin of the right lobe near the diaphragm, were 
difficult, and sometimes impossible, to evaluate. 

The 33 patients with small, low-density hepatic lesions on 
CT who were followed in this study were all found to have 
benign cysts. This should not suggest that similar lesions in 
any given patient can be assumed to be benign. Identical 
lesions were found in other patients and were known to 
represent metastatic disease because of their rapid appear- 
ance after a previously normal abdominal CT study (Fig. 4). 
However, these smaller lesions were always accompanied by 
larger, more obviously solid lesions. A CT scan obtained early 
in the course of metastatic spread might reveal only small 
lesions. 

In summary, this study has shown that benign hepatic 
cysts are not an uncommon finding on abdominal CT per- 
formed to look for metastatic disease. When single or multiple, 
small, low-density liver masses are found in patients with an 
extrahepatic malignancy, differenitation between cysts or me- 
tastases on the basis of accepted CT criteria may be difficult. 
Sonography can be used to make the correct diagnosis. 
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Fig. 4.—Liver metastasis due to car- 
cinoma of the cervix looks like benign 
cyst on CT. This was known to repre- 
sent a metastatic lesion because this 
and other larger lesions had developed 
since a normal CT study 6 months ear- 
lier. 

A, Contrast-enhanced CT reveals 
1.8-cm, low-density, nonenhancing le- 
sion in lateral segment of left lobe of 
liver (arrow). 

B, Sonography reveals lesion to be 
solid metastasis with hypoechoic rim 
surrounding echogenic center (ar- 
rows). 
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Radiologic Findings in 
Xanthogranulomatous 
Cholecystitis 





Xanthogranulomatous cholecystitis is rare, and information on its radiologic diagnosis 
is limited. Radiologic findings of seven patients with histologically proven xanthogran- 
ulomatous cholecystitis were reviewed retrospectively. Sonography showed a calculus 
or calculi of the gallbladder with moderate thickening of the wall in all. IV cholangiography 
was performed in six cases. Findings were nonspecific. Four had nonopacified gallblad- 
der, and one had stenosis of the proximal part of the common bile duct. Marked 
thickening of the gallbladder wall was seen in six of seven cases on CT. In one case 
the thickened wall was lobulated and irregular. The border between the gallbladder and 
the adjacent liver was unclear in two and relatively clear in five. Four patients underwent 
angiography to evaluate the possibility of tumor. Two of them had irregularity and 
stenosis of the cystic artery highly suggestive of carcinoma. The other two showed only 
dilatation of the cystic artery. On the basis of all radiologic studies, carcinoma was 
diagnosed preoperatively in two of the seven cases. 

Radiologically, xanthogranulomatous cholecystitis may best be regarded as a tumor- 
like condition and should be included in the differential diagnosis of gallbladder cancer. 


Xanthogranulomatous cholecystitis is an unusual tumefactive inflammatory dis- 
ease of the gallbladder that occasionally may be confused with a malignant process. 
This condition is rare, and only a few reports have dealt with its radiologic diagnosis 
[1-4]. This article describes the radiologic findings in seven cases in which the 
disease was proven histologically. 


Materials and Methods 


During a 6-year period from 1979 to 1985, 257 cholecystectomies were performed at the 
First Department of Surgery of the University of Occupational and Environmental Health 
Hospital. Twenty-three of these were diagnosed histologically as xanthogranulomatous 
cholecystitis. Preoperatively CT had been performed in seven of the 23 cases. These seven 
cases form the basis of this study. 

The CT scanner used was a Siemens Somatom II with a slice thickness of 8 mm. The 
scans were performed at 1-cm intervals and covered the area from the upper edge of the 
liver to the gallbladder. The scan time was 5 sec at 125 kVp and 230 mAs. In four of the 
seven patients additional scans were obtained after IV administration of 100 mi of Conray 
(60% meglumine iothalamate). Except for sonographic examinations in two patients, all 
radiologic examinations were performed within 1 month of surgery. 

The group studied included five men and two women. Their average age was 66 years 
(range, 45-79). Three had initial attacks of severe pain, and one was asymptomatic. The 
average interval from the first appearance of symptoms to surgery was 6 months (range 
1-13 months). One patient had a palpable mass in the right upper abdomen. 


Results 


Sonography 


Sonography was performed with a 3.5-MHz real-time scanner. All seven patients 
had a calculus or calculi of the gallbladder and moderate thickening of the wall. 





728 


One had a concomitant choledochal stone, and one had a 
small mass suggestive of an enlarged lymph node at the 
gallbladder neck. 


lV Cholangiography 


IV cholangiography with 100 mi of Biliscopin DIC 50 
(10.55% iotroxic acid) was performed on six patients. The 
gallbladder was nonopacified in four patients and faintly opa- 
cified with calculus or calculi in two. The caliber of the common 
bile duct was normal in four. Stenosis of the proximal portion 
and dilatation of the common bile duct occurred in one case 
each. 


CT 


CT was performed for various reasons, including obstruc- 
tive jaundice, palpable mass, and suspicion of tumor in the 
gallbladder or pancreas. Thickening of the gallbladder wall 
was seen in all seven patients and was marked in six in whom 
the wall was more than 5 mm thick. In only one case was the 
thickened wail lobulated and irregular. The border between 
the gallbladder and the adjacent liver was unclear in two 
cases and relatively clear in five. A choledochal stone with 
dilatation of the bile ducts was present in one case. A soft- 
tissue mass consistent with an enlarged lymph node at the 
region of the gallbladder neck was seen in another case. A 
distinct curvilinear low-attenuation band or halo was seen 
surrounding the gallbladder in only one. 


Angiography 


Celiac and/or selective hepatic angiography was performed 
in four cases because a malignancy could not be excluded 
on the basis of CT findings. Two patients had irregularity and 
stenosis of the cystic artery highly suggestive of carcinoma. 
The other two showed only dilatation of the-cystic artery, one 
with and one without fine neovascularity, and an inflammatory 
condition was the diagnosis in each case. 


Surgical Findings 


At surgery the gallbladder contained a calculus or calculi in 
all except one case. The wall of the gallbladder was markedly 
thickened with fibrous adhesion to the adjacent liver, duo- 
denum, and transverse colon in all cases. An inflammatory 
mass associated with fibrosis and necrosis was present in 
the hepatic bed in one. The enlargement of the lymph node 
at the gallbladder neck seen on CT was confirmed to be due 
to an inflammatory change. 


Case Report 


Carcinoma of the gallbladder was suspected preoperatively in a 
76-year-old man who first noticed right epigastric pain at the begin- 
ning of November 1981. Cholelithiasis was diagnosed, and he was 
treated conservatively until the middle of September 1982. At that 
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time severe pain extending from the right side of his back to the 
anterior chest and then to the whole abdomen developed, and he 
was admitted to hospital. He had tenderness in the right epigastrium, 
but no mass was palpable. Laboratory studies showed leukocytosis 
of 11,400 cells/ul (normal, 3100-9700) and total serum bilirubin of 
0.7 mg/di (normal, 0.2-1.0). The results of other tests were within 
normal limits. 

Abdominal sonography showed a calculus impacting the neck of 
the gallbladder, which had a moderately thickened wall (Fig. 1A). On 
the upper gastrointestinal series, an eccentric narrowing of the de- 
scending part of the duodenum suggested a gallbladder or pancreatic 
mass (Fig. 1B). 

CT showed a markedly thickened and irregular gallbladder wall 
(Fig. 1C). On angiography, the cystic artery was irregular and stenotic. 
Prominent neovascularity was seen in the wall. The branches of the 
right hepatic artery were encased (Fig. 1C). These findings suggested 
carcinoma of the gallbladder invading the liver. 

Surgery was performed on December 24, 1982. Severe adhesion 
between the gallbladder and the liver, duodenum, and transverse 
colon was found. A small 7-mm calculus impacted the gallbladder 
neck. Macroscopically, the wail of the gallbladder was severely thick- 
ened with granulomas. The mucosal surface was reddish and in- 
flamed and had central ulcers. Histologic diagnosis was xanthogran- 
ulomatous cholecystitis with the presence of abundant foamy histio- 
cytes, multinucleated giant cells, and fibrosis in the thickened wall. 


Discussion 


Xanthogranulomatous cholecystitis is a rare inflammatory 
disease of the gallbladder characterized histologically by the 
infiltration of round cells, lipid-laden histiocytes, and multinu- 
cleated giant cells and the proliferation of fibroblasts in the 
muscle layer [5]. Synonyms include fibroxanthogranuloma- 
tous inflammation [6], ceroid granuloma [7], and ceroidlike 
histiocytic granuloma [8]. Currently, xanthogranulomatous 
cholecystitis is the most commonly used term. The pathogen- 
esis of this disease is thought to be similar to that of xantho- 
granulomatous pyelonephritis. Chronic infection and calculi 
associated with stasis of bile probably cause the degeneration 
and necrosis of the wall and the formation of microabscesses. 
The intramural microabscesses are replaced eventually by 
xanthogranuloma, and the gallbladder wail may become mark- 
edly thickened, with granulomatous changes and severe in- 
flammation [5]. Rupture of the serosa results in adhesion to 
the adjacent liver, transverse coion, and duodenum. The 
reported prevalence of this disease in cholecystectomy spec- 
imens ranges from 0.7% to 10.6% [8-10]. A histologic diag- 
nosis was made in 23 (9%) of 257 cases at our hospital, so 
the disease is probably not as rare as previously considered. 

As for the radiologic diagnosis of this condition, only case 
reports have appeared in the literature. All have stressed the 
difficulty in differentiating it from carcinoma of the gallbladder 
[1-4]. In a review of CT diagnosis of gallbladder carcinoma, 
Thorsen et al. [11] reported that two cases of xanthogranu- 
lomatous cholecystitis were mistakenly diagnosed as carci- 
noma. 

In our cases, the findings on clinical and radiologic exami- 
nations were not consistent with those of ordinary cholecys- 
titis and calculi, and CT was performed for further evaluation. 
In one case, the swollen gallbladder was palpated as a hard 
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Fig.1.—A, Sonogram shows a cal- 
culus impacting neck of gallbladder, 





which has a thickened wall (arrow). mer 

B, Upper gastrointestinal series ge i NF f 
shows eccentric stenosis of descend- «peui seal asi t; 
ing part of duodenum. pape") i 

C, CT with contrast enhancement ‘give o: 


shows markedly thickened and lobu- (FE 
lated gallbladder wall. Border with liver 
is unclear. 

D, Common hepatic angiogram 
shows irregular and stenotic cystic ar- 
tery (solid straight arrows) with promi- 
nent neovascularity in thickened wall 
(open arrow). Branches of right hepatic 
artery also are narrowed (curved ar- 
row). 


mass, and carcinoma was suspected. CT was necessary in 
another because a swelling of the lymph node suggesting 
metastasis was detected on the sonographic examination. 
However, angiography showed only dilatation of the cystic 
artery wtihout irregularity, and the possibility of carcinoma 
was excluded preoperatively. Finally, in two cases, CT and 
angiographic findings were strongly suggestive of carcinoma. 
The marked thickening of the gallbladder wall on CT and the 
irregular stenosis of the cystic artery, with and without neo- 
vascularity, on angiography were ascribed retrospectively to 
severe inflammatory change. Both patients had severe ab- 
dominal pain, and the degree of the inflammatory change 
might be related to this symptom. Only one patient had mild 
thickening of the gallbladder wall. This was probably due to 
the subsidence of inflammation after the passing of a calculus, 
because no calculus was found in the gallbladder at surgery. 
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This study confirms that xanthogranulomatous cholecystitis 
can mimic gallbladder carcinoma and that radiologic differen- 
tial diagnosis is extremely difficult in cases that have severe 
inflammatory change. Although a curvilinear low-attenuation 
halo around the gallbladder wall has been described as a 
specific sign of complicated cholecystitis [12], it was present 
in only one of our seven cases. This probably reflects the fact 
that the main gallbladder feature in granulomatous cholecys- 
titis is not fluid or exudate accumulation but fibrosis with 
granulomatous change. Evaluation of four of our seven cases 
required angiography, and in two of them carcinoma was 
highly suspected preoperatively. Xanthogranulomatous cho- 
lecystitis therefore may best be treated as a tumorlike lesion. 
The possibility of this disease should be considered in patients 
who have a history of severe abdominal pain and calculi, even 
if their CT and angiographic findings suggest a malignancy. 
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Medication-Induced 
Esophagitis: Diagnosis by Double- 
Contrast Esophagography 





Although medication-induced esophagitis is recognized more frequently nowadays, 
reports of associated radiographic findings are limited. Nine cases of esophagitis 
associated with various medications were evaluated by using double-contrast esopha- 
gography. The usual features were several discrete focal ulcerations localized to a short 
segment of the proximal half of the esophagus. In seven of the cases, the offending 
medication was an antibiotic. Symptoms resolved in about 4 days after medication was 
discontinued. Finding characteristic radiologic abnormalities in the appropriate clinical 
setting may obviate endoscopy. 


Esophagitis caused by medication has been recognized increasingly in the past 
few years. Over 200 cases caused by 26 or more different types of medication 
have been reported [1]. However, reports of radiologic findings are relatively limited. 
This article reviews our experience with nine cases of medication-induced esoph- 
agitis and emphasizes the features seen with double-contrast esophagography. 


Materials and Methods 


Nine cases were collected over the past 4 years. There were eight women and one man. 
The age range was 16 to 35 years (mean, 25.3). Six patients had severe, sudden onset of 
odynophagia, two had substernal pain that worsened with meals, and one complained of 
epigastric pain only. Antibiotics were the offending medication in seven patients (penicillin in 
one, tetracycline in one, doxycycline in five); aspirin and multivitamins were linked to symptoms 
in one each. These medications had been used by the patients from a few days to several 
months before the onset of symptoms and included doses taken at bedtime. Duration of 
symptoms before treatment ranged from 3 to 10 days (mean, 7.1). 

All examinations were performed with fluoroscopic guidance. Double-contrast esophagog- 
raphy was performed with all patients in the upright position. A swallow of high-density 
barium was observed first to assure that the esophagus was not overlying the spine. The 
patient was then given effervescent granules dissolved in a small quantity of water, followed 
immediately by an additional 4 oz. (118 ml) of high-density barium. Spot films of the esophagus 
were obtained during the air-contrast phase as barium passed through the air-filled esopha- 
gus. Recumbent single-contrast examination of the esophagus also was performed. 

Endoscopy was performed in two patients. Findings correlated well with the abnormalities 
seen on radiographs. 

Except for the discontinuation of medications, treatment otherwise was variable. Antacids 
were the most commonly used therapeutic agents. The time to complete resolution of 
symptoms ranged from 3 to 6 days (mean, 4.3). Follow-up barium studies were not thought 
to be indicated. 


Results 


The characteristic abnormality in seven of nine patients was the presence of 
discrete, clustered, ovoid ulcerations (Figs. 1 and 2). Some linear ulceration was 
evident in four cases and was the preponderant finding in one (Fig. 3). In all cases, 


Fig. 1.—16-year-old woman who 
took aspirin regularly for 8 days for 


headaches experienced sudden 
chest pain and odynophagia. Double- 
contrast view of esophagus shows 
several discrete ulcers (arrows) with 
lucent halos of edema located above 


Fig. 2.—23-year-old man had se- 
vere odynophagia after taking nine 
vitamin and mineral tablets daily for 
3 months. Double-contrast esopha- 
gram shows a cluster of ovoid ulcer- 
ations (arrows) with surrounding 
edema in midesophagus. 


Fig. 3.—35-year-old woman 
had been taking doxycycline 
for 3 days. Double-contrast 
esophagram shows a focal ul- 
cer in profile (open arrow) and 
a long, linear ulceration (ar- 
rows). 





Fig. 4.—31-year-old woman had 
been taking penicillin tablets for 
pharyngitis. Double-contrast esoph- 
agram shows several focal and linear 
ulcers (arrows) coalescing in proxi- 
mal thoracic esophagus at level of 
aortic arch (AO). 


level of left atrium (LA). 


the ulcerations occurred in the proximal to midthoracic esoph- 
agus, often at areas of expected physiologic delay. In several 
cases, the ulcerations were as high as the aortic arch (Fig. 4). 
Ulcer diameters measured on the spot radiographs varied 
from 3 to 15 mm. Small halos of edema often were seen 
around the ulcerations. One patient had mild narrowing of the 
esophagus at the level of the ulcerations. No hiatal hernia or 
gastroesophageal reflux was seen. 


Discussion 


In today’s pill-oriented society, the physical act of taking 
medications is generally accepted as innocuous. However, 
more than 200 reported cases of medication-induced esoph- 
ageal injury have involved approximately 26 different types of 
medications [1]. The true incidence of this problem is not 
known. In a 1978 Swedish study, an incidence of 3.9 cases 
per 100,000 population was reported [2]. Females are in- 
volved more than twice as often as males. Typically, a dose 
of medication is taken at bedtime with very little water, and 
the person immediately lies down to sleep. In a matter of 
hours to days, the person has odynophagia or unrelenting 
chest pain that is accentuated by eating. Frequently, preex- 
isting esophageal or cardiac disease delays transport into the 
stomach. The most frequently implicated medications are 
antibiotics, especially tetracycline or doxycycline capsules. 
Other common esophagitis-inducing medications include 
slow-release potassium chloride and quinidine [1]. 

Similar to other reports, most of our patients were women 
who took antibiotics with very little water at bedtime. Devel- 
opment and resolution of symptoms also were similar. How- 
ever, Our patients tended to be younger and did not have a 
history of preexisting esophageal or cardiac disease. On the 
basis of our general hospital and outpatient experience in the 


last 4 years, the prevalence of this form of esophagitis has 
exceeded that caused by monilia but is much less common 
than peptic inflammation. 

Because double-contrast esophagography is an excellent 
technique for detecting mucosal abnormalities [3], it is well 
Suited for the diagnosis of medication-induced ulcers. Few 
ulcerations were visualized in the single-contrast part of the 
examination. Optimal technique should obviate endoscopy in 
most patients. Endoscopy confirmed our findings in two of 
the patients in whom it was performed. 

Previous literature on medication-induced esophagitis has 
emphasized erosions and discrete ulcers with or without 
smooth halos of surrounding edema [4, 5]. Our findings were 
the same, although more ulcerations were seen. They often 
were grouped in a focal, circumferential fashion at areas of 
physiologic delay (i.e., the aortic arch and left atrium). Presum- 
ably, at these areas of collapsed lumen, prolonged contact 
between the medication and the mucosal surfaces resulted 
in local injury and ulceration. 

The discreteness of the ulcerations and the typical clinical 
setting limit the differential diagnosis. Herpetic esophagitis or 
ulcerations arising in association with Barrett’s epithelium 
could give a similar appearance. 
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Indium-111 Leukocyte 
Imaging in Appendicitis 





Indium-111-labeled leukocyte scintigraphy was applied to the diagnosis of acute 
appendicitis. Thirty-two patients observed in the hospital for possible appendicitis were 
prospectively studied. Scanning was done 2 hr after radiopharmaceutical injection. 
Thirteen scans were positive for acute appendicitis, and all but one were confirmed at 
laparotomy. In addition, two cases of colitis and two cases of peritonitis were detected. 
Of 15 negative studies, 11 had a benign course. Four patients with negative studies had 
laparotomy; two were found to have appendicitis and two had a normal appendix. Of 14 
proven cases of appendicitis, 12 scans were positive for appendicitis with one false- 
positive scan, providing a sensitivity of 86%. Specificity was 93%: all negative cases 
except one had negative scans. Overall accuracy was 91% (29 of 32), comparing 
favorably with the accepted false-positive laparotomy rate of 25%. 

Use of In-111-labeled leukocyte scintigraphy serves to reduce the false-positive 
laparotomy rate and to shorten the clinical observation time in patients with acute 
appendicitis. 


The decision to operate for suspected acute appendicitis is often difficult. A 
surgical false-positive rate of up to 25% is accepted in order to reduce the risk of 
complications such as rupture and peritonitis [1]. Even with careful observation, 
the overall false-positive laparotomy rate remains 10-15% [2]. We evaluated the 
use of In-111-labeled leukocyte scintigraphy for the diagnosis of appendicitis. 


Methods 
Patient Selection 


We studied 32 patients including 19 women and 13 men. Their mean age was 33 years 
(range, 13 to 67 years). Most patients were in the third and fourth decades of life. The mean 
leukocyte count was 13,100/mm? (SD + 3400/mm*). The lowest leukocyte count obtained 
was 4700/mm*. 

All patients had signs and symptoms of possible appendicitis. Those with definite appen- 
dicitis had surgery and were not included in the study. Also excluded were children, those 
unwilling to give informed consent, and patients seen at a time of day when scintigraphy was 
not available. 


Leukocyte Labeling 


By using the method developed by Thakur et al. [3] and modified by Goodwin et al. [4], 
50 to 90 mi of a patient's whole blood were obtained. Through differential sedimentation, a 
leukocyte-enriched sample was obtained, labeled with 250 to 500 „Ci (9.25 to 18.5 MBq) of 
In-111 oxine, and reinjected into the patient. 


Imaging 


Imaging was performed with a large-field-of-view Anger scintillation camera positioned 
anteriorly over the abdomen to include the inferior margins of the liver and spleen and the 
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remaining abdomen and pelvis. Lateral views were obtained as 
needed for precise tracer localization. Scintiphotographs were ob- 
tained 1.5-2.0 hr after injection. Delayed images were obtained up 
to 24 hr later when clinical outcome permitted. In four patients, an 
additional image was obtained after laparotomy. Abnormal localized 
radioactivity in the right lower quadrant was compared with radioac- 
tive uptake by bone marrow and graded as follows: 0 = no activity 
(normal); 1+ = radioactivity less than in bone marrow; 2+ = radio- 
activity same as in bone marrow; 3+ = radioactivity greater than in 
bone marrow. Any localization in the abdomen was considered ab- 
normal. Delayed imaging requires 4+ activity to diagnose an abscess. 
Other patterns of abnormal localization [4, 5] were identified when 
present. 

All results were made available to the surgical service with the 
understanding that patient management was to be based on the 
usual parameters. When available, images of the surgical specimens 
and their radioactive content were obtained; however, the pathologist 
completed his report without knowledge of the imaging results. 





A B 


Fig. 2.—A, Anterior image of abdomen shows 3+ accumulation (arrow) in left lower quadrant 2 hr 


after injection. 
B, Image of surgical specimen found to contain 1.4% of tracer dose. 
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Results 


Thirteen scans were positive for acute appendicitis (Fig. 1); 
the diagnoses were confirmed pathologically in 12 cases. 
Three of four patients with 3+ radioactivity (Fig. 2) had 
appendiceal abscesses at surgery (Table 1). In four patients 
imaged after appendectomy, the abnormal localization of 
radioactivity was no longer present. One patient with a false- 
positive study had an appendectomy. Scintigraphy showed 
good labeling of the surgical specimen, but histologic exami- 
nation showed a normal appendix with lymphectasia. 

Fifteen patients had negative studies. In 11 of these the 
subsequent clinical course was uneventful: they were dis- 
charged and were well at follow-up. In the remaining four who 
had negative scans, laparotomy was performed because of 
increasing fever, pain, and leukocyte count. Two of these 


Fig. 1.—Anterior images of abdomen 2 hr 
after injection of In-111-labeled leukocytes. 

A, Negative study with normal distribution 
shows labeling of bone marrow, lumbar spine, 
and pelvis with liver and spleen at top. 

B, 2+ positive study with localized activity 
(arrow) in right lower quadrant. 





Fig. 3.—Anterior image of abdomen 2 hr 
after injection shows diffuse peritoneal la- 
beling outside bowel typical of peritonitis. 
Localized area of increased tracer (arrow) at 
site of Meckel’s diverticulum. 
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TABLE 1: Correlation of Pathologically Proven Disease with 
Imaging Results 


Number 
Grade Score (amount of af Diagnosis 
radioactivity) asai 
0 (= none) 15 2 appendicitis 
13 negative 

1+ (<bone marrow) 8 7 appendicitis 

1 negative laparotomy 
2+ (= bone marrow) 1 1 appendicitis 
3+ (>bone marrow) 4 1 appendicitis 

3 appendiceal abscess 
Total 28° 


ooo _____ ae 
a Four patients with other diagnostic patterns were not included. 


patients had acute appendicitis and two did not. One patient 
with appendicitis had been treated with multiple IV antibiotics 
for suspected pelvic inflammatory disease. After surgery, her 
appendix was found to contain 0.4% of injected tracer. The 
other patient’s appendix contained no tracer. Pathologic ex- 
amination showed terminal luminal fibrosis that had obliter- 
ated the distal half of the appendix; the proximal half was 
inflamed. 

The remaining four studies were abnormal; two patients 
had peritonitis and two had colitis. One of the patients with 
scintigraphic evidence of peritonitis without focal accumula- 
tion had 1 L of peritoneal fluid, for which no source was 
found. The scan of the other patient showed, in addition to 
peritonitis, a small focal accumulation of radioactivity in the 
right lower quadrant that was proven to represent a perfo- 
rated Meckel’s diverticulum (Fig. 3). 

Figure 4 summarizes the outcome in all 32 patients. The 
radioactive content of the surgical specimens ranged from 
0% to 1.4% of the injected dose (see Fig. 2B). The sensitivity 
and specificity of this technique are shown in Table 2. In this 
series, there were one false-positive study and two false- 
negative studies. In several patients, 1+ positive studies 2hr 
after imaging became 2+ positive before surgery. In addition, 
one patient with a negative study at 2 hr and a 1+ positive 
study at 15 hr proved at surgery to have acute appendicitis. 


Discussion 


Indium-111-labeled leukocytes have been used previously 
to localize abscesses and phlegmonous accumulations in 
multiple sites and of varied causes [6]. The optimum time for 
imaging is usually 17 to 24 hr after the labeled cells are 
injected, when both sensitivity and specificity are approxi- 
mately 95%. Earlier imaging is often possible, however. Sav- 
erymuttu et al. [7] reported imaging inflammatory bowel dis- 
ease 3 hr after injection, which showed excellent uptake by 
the inflamed bowel. Dutcher et al. [8] reported labeled leu- 
kocytes localized at infection sites at 30 min, but Datz et al. 
[9] reported early positive localization of labeled cells in only 
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SCAN RESULT OUTCOME 


12 Appendicitis 
13 Appendicitis Explored 
1 No appendicitis 
lymphectasia 


2 Peritonitis 


Explored 


culture 


11 Discharged 


15 Negative 









—$<<__ > 
without sequelae : 


| 2 Appendicitis | 
2 Negative 
laparotomy 


Fig. 4: Summary of outcome in 32 patients studied. 





Observed 


then 
explored 


TABLE 2: Sensitivity and Specificity for In-111 Imaging in Acute 
Appendicitis 


Diagnosis Positive Test Negative Test 
Appendicitis 12 2 
No appendicitis 1 13 
Other 4 0 


2  ESITNSISS 

Note.—Sensitivity, 12/14 = 86%; specificity, 13/14 = 93%; accuracy, 29/ 
32 = 91%. Positive predictive value = 92%; negative predictive value = 87%; 
pretest probability (prevalence) approximately 50%. 


one-third of cases. Our ability to identify acute disease in 
most patients 2 hr after injection is consistent with the known 
strong chemotactic properties of inflamed bowel, where leu- 
kocytes actively invade the appendix. An intact blood supply 
with rich collateral circulation facilitates this process. 

When the medical history, physical findings, and laboratory 
data make the preoperative probability of acute appendicitis 
likely, laparotomy must be performed promptly and imaging 
studies are not indicated. Many patients have atypical signs 
and symptoms, however, and the patient needs to be ob- 
served carefully for many hours, usually in the hospital. Data 
from the literature [10, 11] and from our emergency service 
indicate that 50% of patients first seen with the diagnosis of 
possible appendicitis are often observed for 48 hr before a 
definite diagnosis is made. For this group of patients, In-111 
scintigraphy offers considerable promise. 

Although we had one false-positive study, the positive 
predictive value (likelihood of the disease in a patient with a 
positive test) was 92%, a figure high enough that surgery can 
be performed expeditiously and with confidence that an acute 
inflammatory lesion will be found. Because two of the 15 
negative studies were falsely negative, however, the decision 
to delay surgery should be tempered by continued clinical 
observation. Delayed imaging can always be performed after 
a negative examination, providing ongoing monitoring for 
uncertain cases. If symptoms or signs do not subside, how- 
ever, laparotomy should be done despite a negative study. 
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Diverticulitis of the Right 
Colon: CT Observations 





Recent reports on the CT evaluation of patients with diverticulitis of the left colon 
prompted a retrospective review of the CT findings in six patients with diverticulitis of 
the cecum and ascending colon. All had pain and tenderness in the right lower quadrant. 
In each case, CT findings showed regional thickening of the colonic wall, an extraluminal 
mass involving the cecum and/or ascending colon, haziness and linear strands in 
adjacent pericolic fat, and thickening of nearby fascial planes. Extraluminal air was 
noted in four patients, and contrast-filled structures suggesting diverticula were present 
within the inflammatory masses of two. 

These results suggest that CT is a useful imaging tool in the diagnosis of right-sided 
diverticulitis. 


Accounting for approximately 5% of all colonic cases, diverticulitis of the cecum 
and ascending colon is distinctive from its more common left-sided counterpart 
[1]. Right-sided diverticulitis frequently is misdiagnosed preoperatively, usually 
mistaken for acute appendicitis [2]. Accurate preoperative diagnosis is desirable, 
however, because the initial treatment is antibiotic therapy [3]. 

Recent reports have shown that CT is very useful in the evaluation of patients 
with suspected diverticulitis of the left colon [4-6]. We were prompted to review 
the CT findings of our patients with proven diverticulitis of the right colon. 


Materials and Methods 


Review of the surgical records from 1983 through 1985 yielded four women and two men 
34 to 67 years old (mean, 49) who underwent abdominal CT before treatment for diverticulitis 
of the cecum or ascending colon. The diagnosis was established at laparotomy in five of the 
six patients. In one elderly patient treated nonoperatively, the diagnosis of ascending colonic 
diverticulitis was based on the radiologic studies, prompt response to antibiotics, and 
complete recovery on follow-up. All six patients had acute pain in the right lower quadrant 
(duration, 2-7 days). None was receiving steroids. On physical examination, tenderness and 
guarding in the right lower quadrant were noted in all patients, and a mass was palpable in 
three. 

Abdominal CT studies were performed either on the Siemens Somatom DR3 scanner by 
using an 8-mm slice thickness, 125 kVp, and 230 mAs or on the Pfizer/AS & E Model 0500 
body scanner by using a 10-mm slice thickness, 5 or 10 sec scan time, 20 or 50 mA, and 
125 kVp. Scanning was started 1.5-2 hours after oral administration of 500 to 750 mi of a 
flavored 3% solution of sodium diatrizoate. IV contrast agent consisted of an infusion of 100 
ml of 60% diatrizoate meglumine. Sequential slices were obtained from the diaphragm to the 
symphysis at intervals of 1-1.5 cm. 

The CT examinations were scrutinized for bowel-wall thickening, an inflammatory mass 
(size, geometry, location) in the pericolonic tissues, extraluminal air, extraluminal contrast or 
calcification, and associated edema in the mesenteric fat. 
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Results 


CT showed localized thickening of the colonic wall accom- 
panied by an extraluminal soft-tissue mass involving the 
cecum and/or ascending colon in each of the six patients. 
This inflammatory mass was preponderantly cephalad to the 
ileocecal valve in four (Figs. 1 and 2) and centered at or caudal 
to the ileocecal valve in two (Figs. 3 and 4). The pericolic 
mass effect was eccentric (involving mainly one wall) in four 
patients and circumferential in two. The cephalocaudal extent 
of the CT abnormality varied from 4 to 10 cm (average, 7). 

Haziness and linear strands of density in the pericolic fat 
and thickening of nearby fascial planes accompanied the 
primary inflammatory mass in every case. Extraluminal air 
was noted in four, including one with a large abscess in the 
mesentery medial to the ascending colon. We identified a 
contrast-filled structure in the inflammatory mass that sug- 
gested a diverticulum in only two patients (Figs. 1B and 2B). 
In none of the patients studied did we detect a remote 
intraabdominal abscess, fistula to bladder, ureteral obstruc- 
tion, or a calcified fecalith. 
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Among the four patients who had not undergone previous 
appendectomy, only one normal appendix was successfully 
imaged by CT (Fig. 2A). 


Discussion 


The CT abnormalities presented in this series are similar to 
those reported for diverticulitis of the descending and sigmoid 
colon [4, 5]. Regional thickening of the colonic wall, present 
in all six patients, occurred in about 70% of the patients 
reported by Hulnick et al. [5] and Lieberman and Haaga [4]. 
A pericolonic soft-tissue mass inseparable from the wall of 
the colon was observed in all six patients and contained air 
in four. The mass was correlated closely with an eccentric or 
circumferential pericolonic abscess/phlegmon discovered at 
surgery. Similar features in left-sided diverticulitis were re- 
ported in 35% [5] and 57% [4] of patients studied. Finally, 
localized edema of pericolic fat occurred in every patient; this 
was the most frequent CT abnormality reported by Hulnick et 
al. [5]. 


Fig. 1.—CT scans of a 67-year-old woman 
who complained of right lower quadrant pain and 
tenderness. She had had no previous abdominal 
surgery. 

A, Slice at level of ileocecal valve shows min- 
imal fascial thickening (arrows) and haziness of 
pericolic fat. 

B, Section 3 cm cephalad to A shows an 
inflammatory mass posteromedial to ascending 
colon with a small contrast collection (arrow) 
representing a diverticulum. Patient responded 
to antibiotics and recovered without surgery. 


Fig. 2.—CT scans of 45-year-old man who 
had acute right lower quadrant pain 1 year after 
bone marrow transplantation for chronic myelo- 
genous leukemia. He had not had an appendec- 
tomy. 

A, Slice at level of ileocecal valve shows fas- 
cial thickening (large arrow) without mass effect 
and air within a retrocecal appendix (small ar- 
row). 

B, Section 3 cm cephalad to A shows eccen- 
tric thickening of wall of ascending colon and a 
small contrast collection (curved arrow) sug- 
gesting a diverticulum. Surgery confirmed a per- 
forated diverticulum and histologically normal 
appendix. 
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Fig. 3.—CT scan of cecal diverticulitis mim- 
icking appendicitis in a 64-year-old obese 
woman with severe right lower quadrant pain, 
tenderness, and a palpable mass. Clinical diag- 
nosis was acute appendicitis with abscess. Pre- 
operative CT study confirmed a large right lower 
quadrant inflammatory mass (arrows) that en- 
gulfed medial cecal tip and a loop of distal small 
bowel. No appendicolith or normal appendix 
could be discerned. Surgery disclosed a perfo- 
rated cecal diverticulum with associated phleg- 
mon and a normal appendix. This CT appearance 
is indistinguishable from complicated appendi- 
citis. 


Fig. 4.—CT scan of 53-year-old woman with 
a history of previous appendectomy who had 
right lower quadrant pain for several days. Sec- 
tion just caudal to ileocecal valve shows an air- 
containing mass (small arrows) posterior to col- 
lapsed cecum (large arrow). Mass had extended 
posterolaterally to involve iliacus muscle. De- 
layed scans to facilitate opacification of cecum 
with oral contrast material were unsuccessful. 
Surgery confirmed a perforated cecal diverticu- 
lum with abscess. 


The limitations of the contrast enema in evaluating left- 
sided diverticulitis have been discussed previously [5, 6] and 
may apply as well to right-sided colonic involvement. The 
contrast material opacifies colon lumen and diverticula but 
provides only indirect evidence of an extraluminal inflamma- 
tory mass. CT overcomes this limitation by permitting direct 
imaging of the intramural and pericolonic components of the 
inflammatory process [6]. More importantly, spread of inflam- 
mation to contiguous mesentery, retroperitoneum, and ab- 
dominal wall and to remote intraperitoneal sites can be doc- 
umented at the same time, providing complete preoperative 
information. 

Our limited experience suggests that CT, performed early 
in the clinical course, may be helpful in making the diagnosis 
of right-sided diverticulitis. In the appropriate clinical setting, 
CT demonstration of a pericolic mass cephalad to the ileoce- 
cal valve and accompanied by extraluminal air and edema of 
the pericolic fat should suggest the diagnosis. A contrast- 
filled diverticulum within the inflammatory mass is a very 
helpful additional sign. Segmental Crohn's disease and per- 
forated carcinoma of the ascending colon might have a similar 
appearance on CT examination. However, Crohn's disease 
tends to involve a longer segment of the colon and other 
portions of the gut. 

lf an inflammatory mass is situated at or caudal to the 
ileocecal valve in an acutely symptomatic patient whose ap- 
pendix has not been removed, a CT diagnosis of right-sided 
diverticulitis is less certain (Fig. 3). Complicated appendicitis 
may appear as a pericecal inflammatory mass and, thus, 
could be indistinguishable from cecal diverticulitis [7, 8]. CT 
demonstration of a normal appendix uninvolved by pericecal 
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inflammation should be a very useful sign in excluding appen- 
dicitis, but it was observed in only one of our four patients 
whose appendixes had not been removed (Fig. 2A). Con- 
versely, an appendicolith within the pericecal mass would 
suggest appendicitis [8, 9]. Finally, neutropenic colitis (typhli- 
tis) commonly involves the cecum and, on CT, shows cecal 
wall thickening, sometimes associated with pneumatosis 
[10]. In patients with typhlitis, however, the associated clinical 
feature of neutropenia due to acute leukemia or aplastic 
anemia will facilitate correct diagnosis. 
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Subarachnoid Haemorrhage. By R. P. Sengupta and V. L. McAllister. Berlin: Springer-Verlag, 378 pp., 1986. 


$135 


This book was written to provide a forum for a presentation of the 
advances in the diagnosis and management of patients with the 
clinical syndrome of spontaneous subarachnoid hemorrhage. It is| a 
response to the 30-year hiatus since Sir John Walton published his 
classic monograph on this topic. The book, divided into 17 chapters, 
includes history, anatomy, pathophysiology, differential diagnosis, 
and medical and surgical treatment. Chapters are also devoted to CT 
and angiography. Major additions to this general organization include 
special chapters on anesthesia, subarachnoid hemorrhage in preg- 
nancy and children, and spinal subarachnoid hemorrhage, plus a final 
chapter on future developments. 

The greatest strength of this book resides in the continuity of flow 
provided by the authors’ extensive personal experience, which in- 
cludes involvement with 1000 cases of spontaneous subarachnoid 
hemorrhage and 500 cases operated on by one of the authors. The 
historical review in each section of the book is thorough with generally 

current citations of the literature. There is an a unfortunate tendency 
to provide a single-sentence summary of a large number of important 
references without sufficient discussion. Explicit recommendations 
based on this discussion and the authors’ experience would have 
been a significant addendum to the text. This experience does provide 
the opportunity for a personal review of his own cases and compari- 
son with published reports. Excellent tables of the clinical presenta- 
tion and outcome of the treatment of aneurysms at specific sites are 
presented, which one can also compare with the data in the literature. 
Some surgeons in this country would consider the approach to be 
conservative, but the data are well presented and specific in nature. 
The illustrations are suitable in number with excellent reproductions 
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of the angiograms. The CT scans are adequate, although mostly from 
early-generation scanners. 

The experience and interest of the senior author lend a distinct 
surgical slant to the text that will limit the value of this manuscript for 
nonsurgeons. This results in a very brief discussion of the medical 
management of subarachnoid hemorrhage, and the discussion of 
those causes of subarachnoid hemorrhage, which are not generally 
handled surgically, is so limited as to be almost valueless. This 
includes cryptic angiomas, venous angiomas, and other rare causes 
of subarachnoid hemorrhage. There is an excellent chapter on vaso- 
spasm, which provides a good literature review that will be of interest 
to all physicians working in this field. The chapter on future develop- 
ments provides an opportunity to enhance the presentation of newer 
embolization techniques and methods of medical management but 
is, again, unfortunately brief. 

Even with these minor criticisms, | do believe this book has 
achieved its goal of providing an update for those physicians dealing 
with patients with spontaneous subarachnoid hemorrhage. | would 
recommend this text highly for purchase by libraries and departments 
of medical and surgical neurology and radiology. It will be extremely 
useful as a reference text and provide a source for review of the 
literature and the personal experience of the authors. | do not believe 
that the individual physicians will find this text useful for their personal 
library unless they are working extensively in the field of subarachnoid 
hemorrhage. 


Frederick S. Vines 
University Hospital of Jacksonville 
Jacksonville, FL. 32209 
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Silicone Biliary Stents 





Large silicone stents (9-28 French) were placed in the biliary tree of 173 patients 
over a 3-year period. Their use markedly reduced the incidence of catheter occlusion 
and sepsis. Only three cases of cholangitis and one case each of excessive bleeding 
and pleural effusion occurred. No skin irritation or pancreatitis occurred. The large bore 
of the catheter and the use of biocompatible material improved the safety and efficacy 
of biliary drainage. 


Relatively small catheters (8.5-12 French) fabricated from Teflon polyethylene 
or polyurethane are used almost exclusively for internal and external biliary drainage 
and result in a relatively high incidence of catheter occlusion, cholangitis, and skin 
irritation [1-5]. We have been using large-bore silicone catheters for the past 4 
years, which have eliminated many of these problems. 


Materials and Methods 


Over a period of 3 years (January 1982—-December 1984) we have fabricated catheters 
from silicone rolls (Silastic, Dow-Corning, Midland, MI) and used these exclusively for biliary 
drainage. A total of 173 patients underwent catheterization; 161 had malignant tumors and 
12 had benign lesions. The following procedures were performed: external drainage (24); 
internal drainage (primarily in 97 and as a replacement in 4); external-internal bypass (16); 
stents (20); percutaneous dilation and drainage of benign stenosis of biliary-enteric anasto- 
mosis (8); trans T-tube tract (4). 

After the biliary tree is opacified with a 22-gauge needle, the biliary tree is entered with an 
18-gauge needle. A Lunderquist rigid exchange guidewire (Cook Co., Bloomington, IN) is 
used to place a 7- to 8-French dilator into the biliary tree. A 35-cm, 8-French, Judkins-type, 
right coronary catheter is then advanced over the rigid Lunderquist guidewire, and this is 
used to cross stenoses of various types. Patients are premedicated intravenously with 0.4 
ml atropine and 2-4 ml fentanyl citrate. Naloxone chlorhydrate is available for rapid IV injection 
to neutralize the effects of accumulation of the anesthetic agents in those patients who are 
jaundiced. 

The biliary tract is dilated with Teflon dilators of increasing diameter (Cook sizes 9-22) 
over a 7-French Teflon catheter Lunderquist guidewire complex, until the tract reaches 14- 
20 French (i.e., to a diameter that is 1 French less than the diameter of the definitive silicone 
catheter) [6]. 

A silicone drainage tube with large, oval side holes is prepared by using the anatomic 
configuration seen on the cholangiogram as a guide. Metal sutures or clips are attached to 
the most distal and most proximal holes to allow better visulalization of the silicone catheter, 
which has little radiopacity. If drainage is from below, a loop catheter system is prepared by 
looping a Mersilene or Prolene (3-4 French Ethicon) suture through the distal end. A sterile 
silicone spray is used to facilitate insertion of the silicone catheter. To place the large, soft, 
silicone catheter, a long Teflon pusher (sized to fit inside the silicone catheter) is used that is 
coaxially positioned inside the silicone catheter. 

Two fine catgut sutures are transversely placed at the distal end of the drainage catheter 
to prevent the Teflon pusher from passing through the distal end. Because the pusher is 
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longer than the silicone drainage catheter and the tip of the inner 
Teflon catheter cannot exit the drainage catheter, gentle stretching 
of the outer elastic silicone will decrease the diameter of the drainage 
catheter and make insertion over the Lunderquist exchange guidewire 
easier. 

For both external-internal drainage tubes and stents we usually 
use catheter diameters greater than 14 French (effective internal 
diameter, 4 mm) and less than 20 French. Occasionally, however, a 
28-French catheter (internal diameter, 7 mm) has been used (Fig. 1) 
[7]. Recently, we have used silicone Foley catheters of 14 and 20 
French (internal diameters of 2.7 and 4.3 mm, respectively), modifying 
them with large side holes. When the catheter is inserted into the 
duodenum, the inflated balloon prevents retraction into the common 
bile duct, and the use of contrast medium in the balloon allows us to 
control its position and size. 


Results 


Use of a fine needle and subsequent placement of a Cobra 
catheter has resulted in traversing the biliary obstruction and 
obtaining internal drainage on the first attempt in over 95% 
of cases. In external-internal drainage with the catheter placed 
proximal to the papilla of Vater, tolerance was excellent with 
no need to replace the catheter for as long as 12 months. 
The soft silicone catheter caused no skin irritation or pain at 
the site of entry, even months after insertion. The catheters 
remained patent for 12 months or longer, including those 
placed in the duodenum. Stents placed proximal to the papilla 
also remained unobstructed without causing sepsis or other 
complications for more than 1 year. In eight patients with 
strictures of biliary-enteric anastomosis, tight stenoses were 
coaxially dilated and large-diameter drainage tubes were 
maintained in situ for 1-2 months in two patients and 6-12 
months in six patients. 

No patients experienced pancreatitis despite the use of a 
large-diameter catheter or inflated Foley balloon catheters in 
the duodenum. Complications included the following: pleural 
effusion treated by thoracentesis in one case; bleeding treated 
successfully by a Teflon dilator kept in place for 30 min in one 
case; and recurrent cholangitis in three patients with cholan- 
giocarcinoma, which was treated with antibiotics. 
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Fig. 1.—A, Plain film radiograph shows com- 
plete dilatation of the tract with 26-French cath- 
eter placed over Lunderquist guidewire in the 
biliary tree. 

B, Cholangiogram performed with 28-French 
silicone tube in place. 





Discussion 


Polyethylene has been the most widely used drainage 
material because it is relatively easy to insert and relatively 
soft; however, it can easily be degraded by chemical agents. 
Teflon, because of its low coefficient of friction and its rigidity, 
makes it easy to place; however, its rigidity produces more 
trauma. It is relatively resistant to chemical agents. The newer 
polyurethanes are biocompatible and they are softer than the 
other materials. These polyethylene stents also tend to be- 
come occluded and are associated with complications, but 
less so than the two previously mentioned materials. The 
silicoorganic polymers [8] have different properties depending 
on chain length and plastic additives, the most important 
being their inertness, softness, and biocompatibility. They are 
also less thrombogenic [9]. Although silicone is used in the 
biliary tract, it is only rarely used percutaneously, mainly 
because it is a difficult substance to advance over a guidewire. 
Silicone has been placed surgically by several investigators 
with excellent results. 

Our method of dilating the tract and pushing the catheter 
over a rigid guidewire has been quite successful. The sheath 
method for placement has also been described by Mercado 
et al. [10]. In this method, a Teflon sheath is placed and the 
Silastic catheter is advanced through the conduit with a 
pusher. These catheters are less irritating, less traumatic, and 
less likely to cause stricture formation [11-12]. They are 
inexpensively fabricated from rolls of material obtained from 
Dow-Corning; however, commercially available Silastic stents 
are as expensive as other stents. Money may still be saved, 
however, because (1) the large-bore Silastic catheter does 
not require frequent replacement and (2) the lower incidence 
of cholangitis avoids repeated therapy and reduces hospital- 
ization. 

The sizes of the stents used in our study were considerably 
larger than stents in common use, with the exception of those 
placed surgically [11-13]. In an in vitro study, Ring et al. [2] 
found that 10- to 12-French catheters provide a more-than- 
adequate flow rate for most bile. In cases where the viscosity 
of the bile increases, however, this diameter may not be 
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adequate. Also, the pressure gradient may be reduced in the 
presence of hepatic failure, and the differential may be re- 
duced if the duodenal pressure is higher than normal. Clearly, 
catheters with a large internal diameter facilitate the flow of 
viscous bile and sludge. The large internal diameter is also 
important, because debris from the duodenum has been 
known to occlude catheters. Because of the softness of the 
material, the wall thickness must be increased to prevent 
kinking. Therefore, in order to significantly increase the inter- 
nal diameter of the stents, an external diameter of up to 28 
French has been required. 

We have had a high rate of success in placement of these 
large, soft catheters. The large caliber coupled with the soft- 
ness and biocompatibility of the Silastic material has resulted 
in long-term patency for up to 12 months with a low incidence 
of cholangitis and virtually no skin irritation. 
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Diagnostic Imaging in Surgery. By Ronald L. Eisenberg. New York: McGraw-Hill, 834 pp., 1987. $135 


As stated in the preface, the book was written as an imaging 
complement to Seymour |. Schwartz’s text, Principles of Surgery, 
4th edition. The organization and subheadings of the book follow the 
Classic surgery text as much as practical. However, the numbering 
and labeling of the chapters do not necessarily parallel or match the 
accompanying chapters of the surgery text, which actually contains 
51 chapters. The book consists of 45 chapters and three appendices. 
There are six contributing authors in addition to the senior author. 

According to the author his goal for this book is for it to serve as 
a general overview of the spectrum of imaging findings for a wide 
variety of disorders encountered by the surgeon. The editor of the 
surgery text also emphasizes in a foreword that this book will satisfy 
an essential requirement for surgeons in training or practice. How- 
ever, the radiologist may find that some of the discussions of disease 
processes are not in great enough depth. This is not detrimental if 
one accepts that the book is primarily for residents-in-training and 
general radiologists who require a guide for planning the proper 
imaging approach to specific clinical problems. 

For the specialized radiologist, additional expanded chapters would 
be desirable. An expanded chapter on surgery of the chest with 
greater detail concerning tubes, complications, and postoperative 
changes could have great value. A more detailed chapter on gastroin- 
testinal surgery with the various types of complicated surgical pro- 
cedures and anastomoses showing examples of the radiologic find- 
ings would be desirable. In spite of these deficiencies, there are 
numerous “diagnostic pearls” that all radiologists will find useful. 





The indexing system is not always complete: some “radiologic 
pearls” cannot be found in the index. An example of faulty indexing 
is the changes relative to the chest. These are scattered under such 
categories as pulmonary, respiratory, chest wall, lung, and pleura. 

The treatment in the appendices for diagnostic imaging, clinical 
applications of MR imaging, and intraoperative sonography are ad- 
mittedly superficial and are not aimed at the postgraduate radiologist 
level. The information offers a simplified general overview that should 
Satisfy the requirements of the nonradiologist referring physician- 
surgeon. 

The references at the end of each chapter are excellent, and do 
offer additional sources of where to pursue the subjects in greater 
depth than is possible within the space limitations of the book. The 
illustrations and photographs are excellent and the style makes for 
easy reading. 

The book performs its stated task well in furnishing the nonradiol- 
ogist physician a practical guide for planning the proper imaging 
approach to specific surgical problems. The text will make an excel- 
lent addition to a general surgical library and can also serve as a 
quick reference guide for those in a general radiologic practice. It can 
also serve as an excellent reference text for medical students, resi- 
dents-in-training, and even for radiology technologists. 


E. Nicholas Sargent 
Los Angeles County Department of Health Services 
Los Angeles, CA 90033 
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Use of Angioplasty Balloons in the Percutaneous 
Management of Biliary Calculi: Tandem-Balloon Method 


Mohsin Saeed,' Glenn E. Newman, and N. Reed Dunnick 


Interventional radiologic techniques are important in the 
nonsurgical management of calculous biliary disease. Stones 
may be removed by using baskets or forceps, they may be 
crushed and allowed to pass down the common bile duct 
(with or without dilatation of the sphincter of Oddi), or they 
may be pushed with balloons through the common bile duct 
into the duodenum. However, stones located eccentrically in 
an outpouching of the duct may be inaccessible to these 
techniques. We have devised a method that uses two angio- 
plasty balloons together to push stones through the duct. 
This method was successful in four cases in which conven- 
tional methods had failed. The following is a description of a 
representative case. 


Case Report 


A 60-year-old diabetic man with severe coronary artery disease 
had had intermittent fevers, jaundice, and pain in his right upper 
quadrant for several weeks. A cholecystectomy had been performed 
several years before. Sonographic examination showed biliary duct 
stones and mild dilatation of the proximal bile ducts. The patient was 
referred to the Interventional Radiology Section for percutaneous 
removal of the stones. 

A percutaneous cholangiogram showed a small stone in the com- 
mon bile duct and a larger one in the distal right hepatic duct. The 
stone in the common duct was easily pushed into the duodenum by 
means of an angioplasty balloon. However, the larger stone was 
inaccessible owing to its eccentric location in a pouchlike segment of 
the duct (Fig. 1). It could not be trapped in a Dormia basket, nor 
could it be pushed down with an angioplasty balloon. 

At a later session, with the patient under general anesthesia, two 
heavy-duty guidewires were introduced into the duodenum across 
the common bile duct. The tract was dilated to a caliber of 16 French, 
and an angioplasty balloon 8 mm in diameter and 3 cm in length on 
a 7-French catheter (Medi-tech, Watertown, MA) was introduced over 
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one guidewire and placed just beyond the stone. A similar balloon 
was passed over the second guidewire and positioned just proximal 
to the stone. Inflation of the balloons led to enough straightening of 
the pouchlike segment of the duct to allow the stone to be scooped 
out by the second balloon (Fig. 2D). It was then trapped between the 
two balloons and, with simultaneous advancement of the balloons in 
tandem, was pushed down the common bile duct and into the 
duodenum. 


Discussion 


Nonsurgical removal of biliary calculi often is desirable, 
either because of the patient’s poor medical condition or 
because of the hazards of another operation after a previous 
cholecystectomy and exploration of the common bile duct. 
The various nonsurgical methods include removal of stones 
through an established T-tube tract, which is a well-estab- 
lished and safe procedure [1, 2], chemical dissolution [3], 
removal via a transhepatic route [4], or endoscopic removal 
[5]. Avoidance of surgery may be particularly desirable when 
a patient has symptomatic calculous disease months or years 
after initial surgery [6]. 

When stones could not be removed with a basket or 
forceps, balloon catheters have been used to push the stones 
into the duodenum [4, 7]. The balloon also can be used to 
dilate the sphincter of Oddi, or an endoscopic sphincterotomy 
can be performed, allowing the stone to pass into the duo- 
denum. Several attempts with a single-balloon catheter were 
unsuccessful in our patient. The tortuous duct had a pouchlike 
contour in which the stone lay eccentrically (Fig. 2A). Conse- 
quently, the balloon repeatedly skimmed over the stone and 
could not dislodge it (Figs. 2B and 2C). Similarly, the location 
of the stone precluded establishing an adequate grip on it 
with a Dormia basket. Surgery was deemed too hazardous 
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Fig. 1.—Transhepatic cholangiogram shows eccentrically located stone (large 


arrow). A small stone is present in terminal part of duct (small arrow). 


in this patient, and the stone was considered inaccessible to 
endoscopic removal. 

Using two balloons allowed us to flatten the contour of the 
duct segment in which the stone lay so that the stone was 
no longer off-center with respect to the path of the balloons. 
The leading balloon was positioned just beyond the stone, 
and, upon inflation, it straightened the “shoulder” beyond the 
Stone. Inflation of the second balloon did the same just 
proximal to the stone (Fig. 2D). The second balloon was then 
advanced so that the stone was trapped between the inflated 
balloons. Then both balloons were advanced together under 
fluoroscopic guidance, and the stone was deposited in the 
duodenum. The leading balloon also served to dilate the 
sphincter of Oddi to allow easy passage of the stone. 

Although angiographic occlusion balloons have been used 
to push stones down the common bile duct [4], we prefer to 
use angioplasty balloons. The tapered shape of these bal- 
loons allows them to be directed down the duct with greater 
control, and their greater strength and stiffness allows more 
secure entrapment of stones without the need for overdisten- 
sion of the duct. The balloon diameter should be chosen with 
the caliber of the duct in mind. Balloon length need not exceed 
2-3 cm. Longer balloons tend to traumatize the duct around 
curves and will not pass easily into the duodenum. Heavy 
guidewires are necessary to avoid buckling and consequent 
trauma to the liver and bile ducts. After clearance of stones 
from the duct, a drainage catheter is left in place for several 
days because periampullary edema and hemorrhage may 
Cause obstruction. 

Percutaneous management of biliary stones may be used 
as a primary treatment via transhepatic access, in conjunction 





Fig. 2.—Tandem-balloon method of stone removal. 

A, Stone is located eccentrically. 

B and C, Use of a single balloon fails to dislodge stone. (Large 
arrows show direction of movement.) 

D, Use of two balloons flattens duct contours around stone (small 
arrows) and allows it to be pushed out. (Large arrows show direc- 
tion of movement.) 


with endoscopy [5] or postoperatively via a T-tube tract. The 
morbidity and mortality of repeat operation is higher, and 
Surgery is not always successful. Endoscopy also has poten- 
tial complications and technically is not feasible in some 
patients because of duct anatomy, stone location, or previous 
surgery that precludes access to the ampulla of Vater. There- 
fore, in appropriate patients, percutaneous management is 
the method of choice. We believe that our technique may 
extend the success of percutaneous treatment to some cases 
that are refractory to the more commonly used methods. 
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Case Report 





Percutaneous Decompression of Cecal Volvulus 


Dilip Patel,''? Esfandiar Ansari,? and Marvin D. Berman"? 


Volvulus of the cecum and/or right colon is responsible for Discussion 
0.8 to 4.1% of cases of intestinal obstruction [1, 2]. Surgery 
remains the treatment of choice [3]. Attempts at nonsurgical 
management in poor-risk surgical candidates have had limited 
success [4, 5]. We report successful use of anterior percu- 
taneous decompression in a patient with a volvulus of the 
cecum. 


Because patients with cecal volvulus are acutely ill and 
have a high surgical mortality, treatment has been by means 
of a barium enema or colonoscopy [4, 5]. In the present case, 


Case Report 


A 54-year-old man with severe chronic obstructive lung disease 
was admitted with nonlocalized, intermittent, crampy abdominal pain 
of 2-day duration. His abdomen was distended with a prominent 
bulge in the epigastrium, and he had diffuse tenderness with mild 
rebound in his right lower quadrant. Plain abdominal radiographs 
suggested the diagnosis of a cecal volvulus. After initial management 
with nasogastric suction and IV antibiotics, the volvulus was con- 
firmed by a barium enema (Fig. 1). 

Because of the patient's severe lung disease, it was decided that 
any surgical procedure, even a cecostomy performed under local 
anesthesia, was contraindicated. After a cross-table lateral radio- 
graph confirmed that the dilated cecum was anterior and abutted the 
abdominal wall, a 16-gauge intracath (Delmed, Canton, MA) with a 
single end hole was inserted aseptically into the dilated cecum. Almost 
immediately, the cecum deflated. The catheter was withdrawn within 
a few minutes when it became occluded with feces. On the next day, 
a plain abdominal radiograph showed marked reduction in the diam- 
eter of the cecum and a small pneumoperitoneum. Four days later 
residual barium completely outlined a normal-appearing cecum, and 
the patient was discharged. He died 3 months later of unrelated Fig. 1.—Barium enema demonstrates a cecal volvulus with complete 
causes without further gastrointestinal symptoms. obstruction. 
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the barium enema documented the presence of the volvulus. 
Colonoscopy was not attempted because of the patient's 
severe lung disease and a barium-filled colon. 

Because of the patient’s precarious state, we elected to 
percutaneously decompress the dilated cecum. We assumed 
that the chance of fecal contamination would be significantly 
less after controlled decompression than after spontaneous 
rupture of a gangrenous cecum. Because the cecum was 
located immediately under the anterior abdominal wall, we 
used an anterior approach to decompress the cecum and 
hoped that decompression would lead to spontaneous detor- 
sion. Puncture of a distended cecum cannot be assumed to 
be analogous to inadvertent puncture of bowel loops, so 
broad-spectrum antibiotics were considered mandatory. 

Percutaneous decompression of the large bowel has been 
performed in patients with idiopathic pseudoobstruction by 
using a posterior and anterior approach without benefit of 
antibiotic coverage [6, 7]. However, we are unaware of any 
previously reported percutaneous decompression of a cecal 
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volvulus. The results in our patient show that percutaneous 
decompression can result in detorsion of the volvulus. 
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Diagnosis and Staging of 
Renal Cell Carcinoma: A 


Comparison of MR Imaging and CT 





MR studies were performed in 36 patients with proven renal cell carcinoma. In 27 
patients in whom a radical nephrectomy was performed, MR studies were reviewed and 
compared with CT and pathologic findings. Renal cell carcinomas had a varied MR 
signal with the most common appearance being a mass with an intensity intermediate 
between the renal cortex and the medulla on T1-weighted images and hyperintense on 
T2-weighted images. MR was similar to CT in staging renal cell carcinomas (74% for 
MR vs 67% for CT). Neither CT nor MR was reliable in differentiating stage | from stage 
Il lesions. MR clearly showed venous invasion without the use of IV contrast medium 
and was superior to CT in differentiating lymphadenopathy from small vascular struc- 
tures. 

Because of the limited availability, longer imaging time, and more stringent patient 
requirements (patients with pacemakers, intracranial aneurysm Clips, life-supporting 
systems, and severe claustrophobia need to be excluded), the authors recommend MR 
only for patients with known contraindications to iodinated contrast medium, patients 
with prior suboptimal bolus-contrast CT studies, or patients in whom the CT findings are 
equivocal. 


Initial reports have shown the ability of MR to detect focal renal masses |1, 2]. 
More recently, Hricak et al. [3] compared MR and CT in the evaluation of renal cell 
carcinoma and concluded that MR should assume an important role in the diagnosis 
and staging of renal neoplasms. To our knowledge, there have been no other 
studies supporting or refuting this contention. We report our experience with MR 
and CT in diagnosing and staging 27 patients with proven renal cell carcinoma. 
The purposes of this study were to determine the MR features of renal cell 
carcinoma and to compare the accuracy of MR and CT in staging renal neoplasms. 


Materials and Methods 


Thirty-six consecutive patients with proven renal cell carcinoma underwent preoperative 
MR and CT staging between August 1983 and March 1986 at our institution. This group 
included 24 men and 12 women aged 43-79 years (mean, 60 years). Of these patients, 27 
underwent radical nephrectomy; eight underwent isolated percutaneous needle biopsy of a 
distant metastatic site; and one patient, deemed inoperable for medical reasons, underwent 
needle biopsy of the primary renal neoplasm. Histologic evaluation revealed 27 renal cell 
carcinomas including 12 characterized as clear-cell type, four papillary type, nine mixed clear- 
cell and papillary type, one poorly differentiated, and one mixed clear-cell with sarcomatous 
and tubular elements. 

A retrospective review was undertaken of the imaging studies of the 27 patients with renal 
cell carcinoma documented by radical nephrectomy. Four authors in conference reviewed the 
MR studies in each case without knowledge of the CT or surgical findings. The CT scans 
from each case were then reviewed. Specific conclusions were made regarding detection of 
the primary lesion; the appearance of the lesion on T1- and T2-weighted images; and the 
ability of MR and CT to detect penetration of the renal capsule, involvement of the renal vein 
and inferior vena cava, regional lymphadenopathy, and spread to adjacent organs. 
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Penetration of the renal capsule and involvement of the perinephric 
fat were believed to be present when CT or MR showed disruption 
of the renal border with infiltration of the perirenal fat. Renal vein 
involvement was believed to be present when the renal vein was 
enlarged and showed an area of low attenuation within the vein on 
dynamic post—-bolus-contrast CT scans. Tumor thrombus was diag- 
nosed on MR when signal was detected in the renal vein or inferior 
vena cava on T1-weighted images. Although slow flow can also give 
rise to signal in a blood vessel and might be confused with a 
thrombus, these two entities were differentiated from each other by 
using the even-echo rephasing phenomenon [4]. Adenopathy was 
diagnosed by either method when nodes greater than 1 cm in 
maximum diameter were identified. Invasion of adjacent structures 
by the primary lesion was diagnosed on either CT or MR when there 
was distortion of the normal architecture and/or loss of normal tissue 
planes between the primary lesion and the adjacent organ. 

On the basis of this information, all cases were staged by both MR 
and CT according to the criteria of Robson et al. [5], in which stage 
| disease indicates tumor confined to the renal parenchyma without 
penetration of the renal capsule, stage II signifies tumor extension 
through the capsule and into the perinephric fat but confined by 
Gerota’s fascia, stage IIIA refers to tumor thrombus within or invasion 
of the renal vein and/or inferior vena cava, stage IIIB refers to 
involvement of regional lymph nodes, stage IIIC indicates involvement 
of the renal vein and/or inferior vena cava as well as regional lymph 
nodes, and stage IVA indicates tumor extension to adjacent organs 
with IVB signifying spread to distant sites. Fourteen (52%) of 27 
patients had stage | disease, three (11%) had stage II disease, five 
(19%) had stage IIIA disease, none had stage IIIB disease, one (4%) 
had stage IIIC disease; one (4%) had stage IVA disease, and three 
(11%) had stage IVB disease. 

MR images were obtained with patients in the supine position by 
using a 0.5-T superconducting magnet (Siemens Magnetom) with a 
59-cm-diameter aperture. Spin-echo images were obtained by using 
a T1-weighted sequence with a repetition time (TR) of 500 msec and 
an echo time (TE) of 15-35 msec and a T2-weighted sequence with 
a TR of 1500-2100 msec and a TE of 60-120 msec. Transaxial 
scans were obtained in all cases by using a 1-cm slice thickness with 
a 0- to 1-cm gap. In addition, coronal images were obtained in 13 
Cases and sagittal images in five cases. The images were displayed 
with 256 x 256 matrix elements yielding a pixel size of 2 x 2 mm. 
The MR examination averaged 40 min per patient. 

CT was performed on a Siemens Somatom DR3 or DR-H scanner: 
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an 8-mm slice thickness, a 1-cm table increment, and a 512 x 512 
matrix were used. Unenhanced scans were obtained first, followed 
by dynamic scans at the level of the renal vein after a bolus of 50 ml 
of Conray 400 (Mallinckrodt, St. Louis). The rest of the kidney was 
then scanned during a rapid drip infusion of Conray 60 up to maximum 
dose of 150 ml (Mallinckrodt). Each CT study averaged 20 min. 


Results 
Appearance of the Primary Lesion 


All of the lesions were easily shown on CT and were of a 
lower attenuation than the surrounding renal parenchyma on 
unenhanced scans. All lesions enhanced to a lesser degree 
than the surrounding renal parenchyma after administration 
of iodinated contrast medium, and several were identified 
despite lack of distortion of the renal contour. The masses 
were 2-12 cm in size. 

On MR, T2-weighted images were deemed technically in- 
adequate in five of 27 cases. Of the other 22 cases, 16 of the 
masses were hyperintense, three isointense, and three hy- 
pointense relative to the remaining unaffected renal paren- 
chyma. 

On T1-weighted images, 26 lesions were detected: one 
lesion was not visible even in retrospect. The latter occurred 
in a patient with a 4- by 3-cm right-lower-pole mass that did 
not distort the contour of the kidney. MR images in this 
patient were obtained with a 1-cm slice gap. Of the other 26 
lesions, 15 had a heterogeneous appearance with the pre- 
dominant portion having an intensity lower than that of the 
cortex and higher than that of the medulla (Fig. 1). Eight of 
26 were nearly isointense and three were hyperintense com- 
pared with the remaining unaffected renal parenchyma. Of 
these 11 cases, the unaffected portion of the kidney had a 
homogeneous medium signal intensity with faint or poor 
corticomedullary differentiation. Two of three hyperintense 
tumors had gross hemorrhage within the tumor on pathologic 
examination. Four of the eight nearly isointense tumors were 


Fig. 1.—Stage | right renal cell carcinoma. 

A, T1-weighted image (TR = 500 msec; TE = 
30 msec) shows large mass (arrows) in right 
upper pole. Signal intensity of tumor is interme- 
diate between renal cortex and medulla of left 
kidney. 

B, T2-weighted image (TR = 1500 msec; TE 
= 120 msec) shows that tumor (arrows) has 
signal intensity higher than that of renal paren- 
chyma on left. 
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Fig. 2.—Stage | left renal cell carcinoma. 
A, Postenhancement CT scan shows 3-cm mass (arrow) in posterior aspect of left upper pole. 
Mass had attenuation value much higher than that of water and enhanced to lesser degree than 
normal adjacent parenchyma. 
B, T1-weighted image (TR = 500 msec; TE = 30 msec) shows mass to be nearly isointense with 
adjacent renal parenchyma. Mass was recognized because it disrupted corticomedullary junction. 
Mass was not visible on T2-weighted image. 


easily identified because of the contour abnormality. In the 
other four cases (three also were isointense on T2-weighted 
images and one had technically inadequate T2-weighted im- 
ages), the lesions were subtle but were seen by all four 
reviewers (Fig. 2). 

The most common appearance of renal cell carcinoma was 
a lesion with an intensity intermediate between the renal 
cortex and medulla on T1-weighted images and hyperintense 
on T2-weighted images (11 of 27 cases) (see Fig. 1). 


CT and MR Staging 


Eighteen (67%) of 27 patients were staged correctly by CT 
compared with 20 (74%) of 27 staged correctly by MR. The 
greatest difficulty was encountered in trying to distinguish 
between stage | and stage II lesions with both methods. Two 
of 14 stage-| lesions were incorrectly called stage Il by CT 
and MR because of apparent penetration of the capsule and 
involvement of the perinephric fat (Fig. 3). Three pathologically 
proven stage-ll lesions were erroneously classified by CT (two 
as stage | and one as stage IIIB), because of apparent 
involvement of a regional lymph node (Fig. 4). In the latter 
case, MR correctly identified the perinephric fat involvement 
and showed that lymph nodes believed to be abnormal by CT 
were actually small blood vessels (Fig. 4). The lesion was, 
therefore, correctly classified as stage II by MR. MR incor- 
rectly staged the other two pathologically proven stage-ll 
lesions as stage |, which shows again that both MR and CT 
have difficulty in predicting involvement of the perinephric fat. 

Three of five pathologically proven stage-lllA lesions were 
correctly classified by CT, whereas four of these IIIA lesions 
were correctly staged by MR (Fig. 5). One IIIA lesion was 
incorrectly classified as stage | by both MR and CT because 
involvement of the proximal left renal vein was thought to 
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Fig. 3.—Stage | renal cell carcinoma. T1- 
weighted image (TR = 500 msec; TE = 15 msec) 
shows right renal mass (m) projecting into peri- 
nephric fat (arrow). Border between liver and tu- 
mor was sharply marginated on all three imaging 
planes. The same finding was seen on CT; pre- 
operative diagnosis was stage |! lesion. Gerota’s 
fascia (arrowhead). 


represent the primary tumor abutting but not involving the 
vein. A second IIIA lesion was incorrectly staged as IVA on 
CT because of apparent invasion of the spleen, which was 
not confirmed on MR or pathologic sections. The single 
pathologically proven stage-IlIC lesion in our series was cor- 
rectly classified by both CT and MR (Fig. 6). Both CT and MR 
understaged the only pathologically proven IVA lesion. This 
lesion was incorrectly staged as IIIA because neither CT nor 
MR showed the microscopic invasion of adjacent colon and 
liver by a right renal cell carcinoma. 

All three of the pathologically proven IVB lesions were 
correctly staged in the abdomen by CT and MR, but one of 
these was actually understaged as a IIIC lesion by both 
methods because mediastinal node involvement was not ap- 
preciated at the time of the abdominal examinations. In this 
case, involvement of the renal vein and regional lymph nodes 
predicted by CT and MR was confirmed pathologically. 


Discussion 


Accurate preoperative staging affects the therapeutic ap- 
proach and aids the surgeon in planning the operative pro- 
cedure [6]. While stage-! and stage-ll lesions are treated by 
radical nephrectomy (excision of Gerota’s fascia and its con- 
tents, including the kidney and the adrenal gland), stage-lllA 
and stage-llIIC lesions (renal vein and caval involvement) re- 
quire an additional thrombectomy and/or venous graft. The 
extent of the tumor thrombus is also important. If the tumor 
thrombus extends above the diaphragm and into the right 
atrium, a more extended operation, often with cardiopulmo- 
nary bypass, is required. Preoperative demonstration of ex- 
tensive lymph-node and liver metastases precludes radical 


surgery. 
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Fig. 4.—Stage Il left renal cell carcinoma. 

A, Contrast-enhanced CT scan shows hypodense mass (m) in posterior 
aspect of left kidney. Several nodular soft-tissue densities (arrowheads) 
in left paraaortic region are suspicious for lymphadenopathy. 

B, More caudad scan shows streaky soft-tissue densities (arrows) in 
perinephric fat, believed to represent tumor infiltration. 





Fig. 5.—Renal cell carcinoma invading left renal 
vein. Tumor thrombus is seen within enlarged left 
renal vein (straight arrows). Multiple signal-void 
areas (curved arrows) within thrombus were shown 
to be feeding vessels. Normal inferior vena cava and 
right renal vein (open arrow). T = renal cell carci- 
noma. 


Our data show that MR is capable of detecting renal cell 
carcinomas. Our results (similar to those of previous reports 
[2, 3]) show that renal cell carcinomas have a varied MR 
appearance with a signal intensity ranging from hypo- to 
hyperintense with respect to the normal renal parenchyma. 





C, MR image (TR = 2100 msec; TE = 35 msec) at same level as A. 
Paraaortic nodular soft-tissue densities (arrows) noted on CT scan emit 
no signal and thus represent vascular structures rather than lymphadenop- 
athy. Tumor infiltration into perinephric fat was seen on more caudad MR 
image (not shown here). m = tumor mass. At surgery, no lymphadenopathy 
was found. Histologic examination of resected specimen confirmed tumor 
invasion into perinephric fat. 


The most common appearance, encountered in 11 of 27 
Cases in our series, was a lesion with an intensity intermediate 
between the renal cortex and the medulla on T1-weighted 
images and hyperintense on T2-weighted images. In some 
cases, the contrast between the tumor and adjacent renal 
parenchyma was slight on both T1- and T2-weighted images. 
In those cases the lesions were much more apparent on 
contrast-enhanced CT scans than on MR images. 

Our data show that MR is similar to CT in staging renal cell 
carcinomas (74% for MR vs 67% for CT), but the number of 
patients studied is small. The accuracy achieved by either 
method in this study is relatively low. This is largely related to 
Our inability to reliably differentiate stage-| from stage-ll dis- 
ease by either method. Nearly half of the staging errors were 
made because of limitations of the imaging technique: (1) 
inability to detect microscopic invasion of the perinephric fat, 
(2) difficulty in differentiating inflammatory changes from tu- 
mor infiltration, and (3) insensitivity in differentiating small 
collateral blood vessels from tumor extension in the lymphat- 
ics. Johnson et al. [7] recently reported the same problem in 
using CT for staging renal cell carcinomas. We are uncertain 
why prior investigators were more successful in differentiating 
stage-| from stage-ll disease [3]. Fortunately, the differentia- 
tion of stage-I from stage-ll disease is generally not significant 
in terms of the surgical approach. 

Our study also confirms that both CT and MR are capable 
of showing venous invasion. A CT diagnosis of venous throm- 
bosis is based on demonstration of enlargement of the in- 
volved vessel or more definitively on demonstration of a filling 
defect within a blood vessel on contrast-enhanced CT scans. 
However, a successful bolus-contrast CT study requires pa- 
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Fig. 6.—Stage IIIC renal cell carcinoma. 

A, T1-weighted image (TR = 500 msec; TE = 
30 msec) in patient with right-lower-pole mass 
shows thrombus (arrowhead) within inferior 
vena cava. Signal void (open arrow) along me- 
dial aspect of cava represents residual lumen. 
Retrocaval adenopathy (solid arrows) is also 
present. 

B, More caudad level (TR = 1500 msec; TE = 
30 msec). Almost entire inferior vena cava is 
filled with thrombus (solid arrow). Left renal vein 
(arrowhead) is small and patent. Adenopathy (m) 
is also present behind right renal artery (open 
arrow). 

C and D, Contrast-enhanced CT scans at lev- 
els similar to A and B, respectively, show essen- 
tially the same findings as MR. Prospectively, it 
was difficult to be certain about the status and 
location of the inferior vena cava because the 
CT appearance of the cava was similar to that of 
adjacent adenopathy. 


tient cooperation and normal renal function. In contrast, MR 
is capable of showing the patency of a blood vessel without 
the use of IV contrast medium. While rapid blood flow emits 
no signal, both bland and tumor thrombus have low-to-me- 
dium-intensity signals. Furthermore, sagittal and coronal MR 
images can provide a more direct assessment of the extent 
of the thrombus. Although an earlier report [8] suggested that 
MR might be able to differentiate a tumor thrombus from a 
bland thrombus, we were unable to confirm or refute this 
claim because of limited experience. Likewise, we were una- 
ble to substantiate the ability of MR to detect actual tumor 
invasion of the wall of inferior vena cava as suggested previ- 
ously [8]. As in the case of CT, an MR diagnosis of lymph- 
adenopathy relies on demonstration of enlargement of individ- 
ual lymph nodes. However, MR is superior to CT in distin- 
guishing a slightly enlarged lymph node from a small collateral 
vessel as shown in one of our cases (Fig. 4). Differentiation 
of these two entities by CT is possible only on well-performed 
contrast-enhanced CT studies. 
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Book 
Reviews 


Urologic Pathology. By Robert O. Petersen. Philadelphia: Lippincott, 762 pp., 1986. $87.50 


As aptly stated in the preface, “advances in urologic pathology 
occurring in recent years have no equal in any comparable period of 
time.” By collating the newer knowledge and technical advances, 
such as tumor-marker staining and electron microscopy, the author 
has provided the first standard textbook in over 20 years that deals 
with the entire field of urologic pathology. 

The textbook is organized into chapters on the kidney, renal pelvis, 
ureter, urinary bladder, urethra, testis, testicular adnexa, prostate, 
penis, scrotum, and the adrenal gland. Each chapter reviews normal 
Structures, congenital malformations, inflammatory disorders, mis- 
cellaneous disorders (as appropriate), and benign and malignant 
neoplasms. 

The descriptions and discussions of each entity are well written 
and easy to read. Tables are used to summarize articles on many of 
the important diseases, allowing the reader to appreciate the varia- 
tions in data available in the literature. These tables also amply 
illustrate the author's extensive research while writing this textbook. 
The references for each topic are numerous, providing the reader 
with an up-to-date source book. There are over 1000 references for 
the chapter on the kidney, and many are current data (within 3 years 


of the book's publication date). The chapter on prostate disease has 
over 500 references. 

This clinically oriented textbook on urologic pathology is not an 
atlas of histologic sections. For use by the urologist, oncologist, or 
radiologist, the histologic and gross specimen illustrations are of an 
appropriate number and of excellent quality. Scattered throughout 
each chapter are a few radiographs, which are, in reality, somewhat 
superfluous. 

Urologic Pathology is a well-produced book of excellent quality. It 
should be an appropriate addition to a library of a hospital or large 
Clinic, thereby providing an up-to-date reference book for urologists, 
pathologists, oncologists, and radiologists. For a uroradiologist, urol- 
ogist, or pathologist, it will be helpful as a personal library resource. 
Few general radiologists will find it appropriate to purchase this book 
for personal use, but it should be an excellent textbook to consult 
frequently because it contains a wealth of facts that can expand 
knowledge of these urologic diseases. 

William H. Bush 
The Virginia Mason Clinic 
Seattle, WA 98111 


New Developments in Imaging. Edited by Rainer Ch. Otto and Charles B. Higgins. New York: Theime, 172 pp., 


1986. $47 


The title of this small book is somewhat misleading in that the 
majority of the chapters relate to MR imaging and sonography with 
only two chapters devoted to CT. No significant mention of advances 
in interventional techniques, scintigraphy, digital image processing 
and storage, or digital angiography is made. However, the topics 
discussed are at the frontiers of research in MR imaging and sonog- 
raphy. Although there is information that the practicing radiologist 
might find useful, those involved in research appear to be the book’s 
primary audience. 





Fifteen chapters each cover an independent area of research for 
an author—contributor. The material is clearly written and presented. 
The illustrations are reproduced well and clearly depict the findings. 
Although the price of the book is reasonable, because of its limited 
scope, | would recommend it primarily for full-time radiologists who 
do sonography or MR imaging. 

David S. Martin 
14603 Big Timber Lane 
Chesterfield, MO 63017 
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Spontaneous Subcapsular 
and Perinephric Hemorrhage 
in End-Stage Kidney 
Disease: Clinical and CT Findings 





Clinical, CT, and pathologic findings were analyzed in six patients with spontaneous 
subcapsular or perinephric hematomas complicating end-stage kidney disease. Renal 
failure had been managed by hemodialysis in four patients, by renal transplantation in 
one, and by conservative methods in one. All patients had nonspecific abdominal pain. 
CT clearly showed in all cases that the pain resulted from hemorrhage and also revealed 
the extent and location of hematomas. In addition, in four patients, CT showed underlying 
acquired cystic kidney disease that was the probable cause of hemorrhage. In one of 
these patients, CT also showed a renal cell carcinoma in the opposite kidney. Other 
causes for renal hemorrhage encountered in the series included renal infarction due to 
small vessel disease, heparinization during hemodialysis, and thrombocytopenia. 

Abdominal CT is a useful technique for evaluating patients with end-stage renal 
disease who have abdominal pain or who exhibit clinical evidence of blood loss. 


During recent years, there have been several reports of massive renal hemor- 
rhage in hemodialysis patients [1-9]. Although the first such case was reported in 
a radiology journal [10], the condition has since received little attention in the 
radiologic literature and the mechanisms of bleeding have not been clearly defined. 
Accordingly, we retrospectively analyzed clinical, CT, and pathologic findings in six 
patients with extensive subcapsular or perinephric hemorrhage associated with 
end-stage kidney disease. 


Materials and Methods 


During a 7-year period, we encountered seven episodes of subcapsular or perinephric 
bleeding in six patients with end-stage kidney disease. Their clinical records were analyzed 
to determine whether there were any identifiable causes of hemorrhage. Plain and contrast- 
enhanced CT scans had been obtained in all patients by using contiguous 10-mm sections. 
CT scans were evaluated to determine the nature and locations of hematomas and to 
ascertain whether any underlying renal lesions were present. Clinical and CT findings were 
correlated with pathologic findings in three patients. Follow-up CT scans were obtained in 
four patients with hematomas that had initially been managed conservatively. 

The patients were three men and three women aged 28-51 years (mean age, 40 years). 
All patients had abdominal pain of sudden onset without antecedent trauma. On physical 
examination, all had abdominal tenderness, but none had a palpable abdominal mass. Renal 
failure had been managed by renal transplantation in one patient, by conservative methods 
in one, and by hemodialysis in four. The duration of hemodialysis before bleeding occurred 
ranged from 9 days to 6 years (mean, 3.8 years). One patient developed hemorrhage 9 days 
after being changed from peritoneal dialysis to hemodialysis. Symptoms of retroperitoneal 
bleeding in the dialysis patients began 5-16 hr after the most recent dialysis treatment (mean, 
10 hr). The causes of renal failure were established by previous biopsies in five patients. Four 
patients had chronic glomerulonephritis and one had nephritis due to systemic lupus erythem- 
atosus. 

Four patients had hypertension at the time of bleeding, but the diastolic blood pressure 
did not exceed 105 mm Hg in any patient. Falls in hematocrit values occurred during four 
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Fig. 1.—Right subcapsular and perinephric hemorrhage in patient with idiopathic thrombocyto- 
penia and normal-appearing kidneys. Hemodialysis had been started 9 days previously. 

A, Unenhanced CT scan shows indentation of lateral border of right kidney by denser subcapsular 
hematoma (arrowheads). Note also perinephric hematoma (arrows), which is partly contained by 


renorenal bridging septum. 


B, Contrast-enhanced CT scan shows that hematoma is less dense than enhanced renal paren- 


chyma. There are no renal cysts. 





bleeding episodes. Systemic heparinization was used during hemo- 
dialysis in four patients, but none had recently received oral antico- 
agulants. Prothrombin times and activated partial thromboplastin 
times were normal in all patients. At the time of bleeding, two 
hemodialysis patients had low platelet counts of 50,000 and 61,000/ 
mm? owing to idiopathic thrombocytopenic purpura and systemic 
lupus erythematosus, respectively. Serum creatinine and blood urea 
nitrogen were normal in one patient with a successful renal transplant. 
In the other patients blood urea nitrogen values were 22-88 mg/dl 
(mean, 54.8 mg/dl) and serum creatinine values were 8.4-16 mg/dl 
(mean, 11.9 mg/dl). 


Results 


In seven bleeding episodes, CT showed one subcapsular 
hematoma, four perinephric hematomas, and two combined 
subcapsular and perinephric hematomas; all were diagnosed 
according to established CT criteria [11]. Hematomas had 
higher densities than renal tissue on unenhanced scans, but 
were less dense than parenchyma after contrast enhance- 
ment (Fig. 1). In two patients, the kidneys themselves ap- 
peared normal apart from loss of renal substance. In one of 
these, who had had a successful renal transplant for 2 years, 


Fig. 2.—Acquired cystic kidney disease and 
right perinephric hematoma (solid arrows) in he- 
modialysis patient with thrombocytopenia owing 
to systemic lupus erythematosus. Note multiple, 
small renal cysts. Right renal fascia (open arrow) 
is slightly thickened. Hematoma extends anterior 
to psoas muscle (arrowhead). 


Fig. 3.—Left perinephric hemorrhage associ- 
ated with acquired cystic disease in patient who 
had never been dialyzed. Resolution of hema- 
toma occurred with conservative management. 

A, Left perinephric hematoma (solid arrows) 
causes anterior displacement of kidney. Hema- 
toma is partly contained by posterior renorenal 
bridging septum (arrowheads). However, it ex- 
tends posteriorly to thickened renal fascia (open 
arrow). Both kidneys have multiple small cysts. 

B, Follow-up CT 19 weeks later shows only 
small residual fluid collection (straight arrow). 
Both kidneys exhibit multiple small cysts and 
there is no evidence of renal tumor. Note fluid 
(curved arrow) from peritoneal dialysis started 
after bleeding episode. 


hemorrhage involved a native kidney and the renal transplant 
was normal. The other had been managed by hemodialysis 
for only 9 days (Fig. 1). Four patients exhibited CT findings of 
uremic acquired cystic disease [12]. Three of these had been 
managed by long-term hemodialysis (Fig. 2), while one had 
not been previously dialyzed (Fig. 3). One of the dialysis 
patients had two separate bleeding episodes. During the first, 
CT revealed a right perinephric hematoma and a small, solid 
mass in the left kidney (Fig. 4). Follow-up CT showed com- 
plete resolution of the hematoma. Gross hematuria developed 
18 months later. CT revealed a right subcapsular hematoma 
and enlargement and inhomogeneity of the left renal mass, 
suggesting renal cell carcinoma (Fig. 4). 

Four of seven bleeding episodes were managed conserv- 
atively by bed rest and analgesia. In two dialysis patients with 
thrombocytopenia, hemodialysis was modified. Heparinization 
was stopped in one patient who was changed to regional 
citrate anticoagulation [13]. The other patient, who had sys- 
temic lupus erythematosus, was changed to low-dose heparin 
and was also given oral corticosteroids and platelet transfu- 
sions. Bleeding episodes were managed by unilateral ne- 
phrectomy in two patients because of clinical evidence of 
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Fig. 4.—Subcapsular and perinephric hemor- 
rhage, acquired cystic disease, and renal cell 
carcinoma in hemodialysis patient. 

A, CT during first bleeding episode shows 
small, solid mass (arrows) in upper pole of left 
kidney. 

B, Caudal scan reveals right perinephric he- 
matoma (arrows), the shape of which is deter- 
mined by bridging septa extending from renal 
capsule to renal fascia. Note tiny lucencies in 
kidneys suggesting early acquired cystic dis- 
ease. 

C, CT scan 18 months later reveals that left 
renal mass (arrows) has enlarged and become 
inhomogeneous suggesting renal cell carci- 
noma. Linear strands related to right kidney re- 
sulted from new hemorrhage. 

D, Caudal scan shows multiple, bilateral small 
renal cysts in markedly shrunken kidneys and 
right subcapsular hematoma (arrows). 

E, Gross specimen of coronally sectioned left 
kidney reveals lobulated carcinoma (arrow- 
heads) in upper pole with invasion of collecting 
system (open arrow), which contains blood clot 
(solid arrows). Several small cysts, some of 
which are hemorrhagic, are seen in residual 
renal parenchyma. 


continued bleeding and suspected hematoma infection, re- 
spectively. In the patient with two bleeding episodes, bilateral 
nephrectomy was done during the second episode because 
CT suggested left renal cell carcinoma (Fig. 4). 

Gross pathologic and microscopic evaluation of resected 
kidneys showed typical pathologic findings of uremic acquired 
cystic disease [3] in addition to hematomas in two of three 
patients. In one patient, bleeding started in a subcapsular 
cyst and extended through the cyst wall and renal capsule 
into the perinephric space. In the other patient, who had 
bilateral nephrectomies, both kidneys exhibited many hem- 
orrhagic cysts, but the precise origin of the right subcapsular 
hematoma could not be determined. This patient also revealed 
a left renal cell carcinoma with microscopic tumor infiltration 
of the perinephric fat (Fig. 4). The resected native kidney in 
the third patient who was a renal transplant recipient showed 
no cysts or tumors. Many small renal arteries revealed marked 
intimal thickening and luminal narrowing or occlusion. Peri- 
renal bleeding developed from a hemorrhagic cortical infarct 
not shown by CT. 
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Follow-up CT scans documented resolution of hematomas 
in four bleeding episodes managed conservatively (Fig. 3). 
Hematomas showed decrease in density and size with time. 
Five of six patients are stable on long-term follow-up. The 
patient with renal cell carcinoma died from cardiac disease 1 
year after surgery. 


Discussion 


Several factors often combine to cause spontaneous sub- 
capsular or perinephric hemorrhage in end-stage kidney dis- 
ease. Although all reported cases of such hemorrhage have 
occurred in hemodialysis patients [1-10], our series indicates 
that hemorrhage may also occur in uremic patients managed 
by conservative methods and in the native kidneys of renal 
transplant recipients. Severe arterial intimal fibrosis [3] is 
probably an important contributory factor in patients who 
develop hemorrhage. Many such patients also have acquired 
cystic kidney disease [2, 3, 6-10]. This disorder usually 
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occurs in long-term dialysis patients (Fig. 2), but may also 
develop in uremic patients who have never been dialyzed [14] 
(Fig. 3). Acquired cystic disease was found in four of our 
patients; in one of these hemorrhage was shown pathologi- 
cally to have originated in a cyst. Cyst hemorrhage probably 
occurs because of rupture of unsupported sclerotic arteries 
in cyst walls, a phenomenon that may be promoted by hyper- 
tension [2, 6, 7, 10]. Also, as in one of our patients, arterial 
narrowing may progress to occlusion. In these circumstances, 
renal infarction may occur and cause perirenal hemorrhage 
[15] in the absence of cystic disease. 

Renal cell carcinoma is another potential cause of subcap- 
sular or perinephric hemorrhage in end-stage renal disease 
[3]. Renal tumors, most of which are small and apparently 
benign, occur in about 7% of long-term dialysis patients 
[14]. Frankly malignant renal tumors also occur in uremic 
patients, but such patients usually complain of macroscopic 
hematuria rather than of symptoms attributable to perirenal 
bleeding [3, 9, 16-22]. None of our patients had hematomas 
due to renal cell carcinoma, but one patient showed a contra- 
lateral tumor on CT (Fig. 4). This case clearly illustrates the 
need for baseline abdominal CT examinations in patients 
undergoing maintenance dialysis for more than 3 years and 
for later CT examinations if urinary tract symptoms develop 
[12]. 

Five of seven bleeding episodes in our study occurred in 
patients managed by hemodialysis with systemic hepariniza- 
tion. Bleeding began shortly after dialysis, suggesting that 
heparinization was the precipitating cause, as was true in 
several other reported cases [1, 4, 7]. In addition, two of our 
dialysis patients had thrombocytopenia. The qualitative plate- 
let disturbance of uremia [23] and oral anticoagulants given 
to prevent clotting in shunts and arteriovenous fistulas may 
also contribute to perirenal hemorrhage in uremic patients [2, 
4,5, 10]. 

Patients with end-stage kidney disease who develop renal 
hemorrhage usually complain of abdominal pain that may or 
may not be accompanied by abdominal masses or clinical 
evidence of hemorrhage [1-10]. CT is the best method for 
establishing the diagnosis and often also indicates the cause 
of hemorrhage. CT showed acquired cystic disease in four of 
our patients. In addition, CT may reveal an underlying renal 
tumor [16, 18, 22]. Angiography may help confirm the diag- 
nosis of tumor by showing neovascularity [17, 18, 22]. How- 
ever, significant tumors may be missed by both CT [21, 22] 
and angiography [22] because of distortion of renal architec- 
ture caused by multiple renal cysts and hypovascularity of 
some tumors. 

Subcapsular or perinephric hemorrhage in end-stage kidney 
disease should initially be managed conservatively by anal- 
gesics and restriction of activity since, as in our patient series, 
bleeding often subsides spontaneously [4, 5]. Coagulation 
abnormalities may be corrected by stopping or modifying 
heparinization during hemodialysis [4, 5, 9, 13] and stopping 
oral anticoagulation [4, 5]. Once patients become clinically 
Stable, they can be followed as outpatients by serial CT. The 
original CT scan provides a baseline by which gradual reso- 
lution of hematomas can be monitored, and serial CT also 
helps exclude underlying renal cell carcinoma [12]. Interven- 
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tion is required only in patients who have continued bleeding 
despite conservative measures [2, 6, 8, 9] or in patients with 
CT evidence of renal carcinoma on initial CT scans. The latter 
patients require nephrectomy. In patients with clinical evi- 
dence of continued hemorrhage, selective renal angiography 
may show active contrast extravasation [2, 7, 10, 17], and 
transcatheter renal artery embolization may stop bleeding. 
However, some of these patients will require nephrectomy 
[2,7]. 
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Evaluation of Renal 
Transplant Rejection by 
Duplex Doppler Examination: 
Value of the Resistive Index 





The increasing use and availability of renal transplantation has resulted in a demand 
for noninvasive methods..to study possible complications. One of the most serious 
adverse reactions is acute rejection, a possibly reversible cause of transplant failure if 
treated promptly. Differentiation from other causes of acute renal failure frequently is 
difficult, and the lack of specificity in many imaging studies has been troublesome. 
Eighty-one patients with renal transplants, including 41 with acute rejection, were 
examined. Duplex Doppler examination of the intrarenal arteries and a simplified formula, 
the resistive index ([peak systolic frequency shift — lowest diastolic frequency shift]/ 
[peak systolic frequency shift]), were used to diagnose rejection. With a resistive index 
greater than 0.90, a 100% positive predictive value was obtained for the diagnosis of 


acute rejection. A value less than 0.70 was unlikely to be rejection (negative predictive 


value, 94%). This approach uses a simple analysis of the waveform. 

Use of a duplex Doppler examination and the formula described here appears to be 
an accurate method for the detection of acute rejection and for the differentiation of 
acute rejection from the various other causes of acute renal failure. 


Although the clinical diagnosis of acute renal failure after renal transplantation is 
obvious, the specific cause frequently is obscure. Imaging studies have been able 
to. distinguish obstruction and the presence of peritransplant collections from other 
causes of failure, such as acute rejection, toxic reactions to cyclosporine, and 
acute tubular necrosis. Differentiation of rejection, toxic reactions to cyclosporine, 
and acute tubular necrosis has been less successful [1, 2]. 

Doppler sonography has shown promise in its ability to differentiate acute 
rejection from acute tubular necrosis. Rejection can differ from other forms of 
transplant failure because the rejected kidney may have decreased arterial flow 
[3]. Increases in downstream impedance are reflected in the waveform by a relative 
decreased diastolic component as compared with the systolic component. 

Several previous studies have used the area under the Doppler.waveform curve, 
diastolic/systolic ratio, or qualitative changes to diagnose rejection [3-6]. One 
group reported good correlation between direct and noninvasive measurement of 
renovascular resistance. They used a simple quantitative measure, the resistive 
(Pourcelot) index [7]. We used this index to analyze intrarenal arterial waveforms. 
The results were then compared with biopsy results or the clinical courses of 
patients in the posttransplantation period to. evaluate the ability of this technique 
to identify patients with acute rejection. 


Materials and Methods 


Duplex Doppler sonographic examinations were performed with 3.5- and/or 5-MHz trans- 
ducers (ATL Mark 3 and 5, Advanced Technology Laboratories, Bellevue, WA). Eighty-one 
patients who had undergone renal transplantation 1 day to 6 months earlier underwent pulsed 
Doppler sonographic examinations. A total of 145 examinations (usually one, but up to five 
studies per individual) were performed. These studies were performed at the time of renal 
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compromise in all patients with renal failure or on the day of the 
procedure for those having a biopsy. 

Fifty-five of the 81 patients had evidence of posttransplantation 
renal failure. All patients also had sonograms to evaluate renal size, 
shape, and echogenicity; renal pelvis distension; and the presence or 
absence of peritransplant fluid collections. Pulsed Doppler examina- 
tion was then performed in the areas of the arcuate arteries (Fig. 1). 
The main and first-order branch of the renal arteries were not studied 
routinely, although they were examined occasionally. Images and 
Doppler tracings were recorded on film and/or a strip chart recorder. 

Measurements of peak systolic and lowest diastolic frequency 
shifts were calculated by using a caliper and measured against the 
baseline (Figs. 2-4). A resistive index (RI) was determined by using 
the following formula: 


peak systolic frequency shift 
— lowest diastolic frequency shift 


peak systolic frequency shift 


RI = 
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As downstream impedance increases, the amount of diastolic flow 
decreases, and the index increases. The resistive index was calcu- 
lated as an average from at least three waveforms. 

Diagnosis was obtained by biopsy (34 patients) or by clinical 
symptomatology and/or response to therapy (47 subjects). Clinical 
evaluation included determination of levels of serum creatinine and 
blood urea nitrogen, response to immunosuppressive therapy, and 
improvement or worsening of renal function. 

Patients were then divided according to biopsy and/or clinical 
results into five groups: those with (1) acute rejection, (2) acute 
tubular necrosis, (3) toxic reactions to cyclosporine, (4) glomerulo- 
nephritis, and (5) normal renal function (defined as normal renal output 
and a serum creatinine level of less than 1.4 mg/dl for 1 week). 


Results 


Forty-one (51%) of the 81 patients studied had acute 
transplant rejection. Twenty-two (27%) had acute tubular 


Fig. 1.—Doppler examination of a 
renal transplant. Longitudinal sono- 
gram of transplanted kidney shows 
Doppler line of information and specific 
area of sampling (arrowhead) at level 
of arcuate artery adjacent to medullary 
pyramid 


Fig. 2.—Normal renal transplant. 
Doppler waveform shows peak systole 
(arrowhead) and end diastole (curved 
arrow). Resistive index is 0.64. 


Fig. 3.—Renal transplant rejection. 
Doppler waveform shows peak systolic 
frequency shift (arrowheads) and end- 
diastolic frequency shift (curved ar- 
rows). Resistive index is 0.83. 


Fig. 4.—Renal transplant rejection. 
Doppler waveform shows peak systole 
(arrowhead) and no end-diastolic flow. 
Resistive index is 1.0. 
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necrosis, eight (10%) had toxic reactions to cyclosporine, and 
three (4%) had acute glomerulonephritis. Forty-five studies 
were done during a period of normal transplant function. The 
resistive indexes for these patients are listed in Table 1. The 
mean resistive index (+1 standard deviation) was 0.82 + 0.08 
for rejection and 0.68 + 0.08 for normally functioning kidneys. 
Resistive indexes for other abnormally functioning kidneys 
were 0.73 + 0.10 for acute tubular necrosis, 0.68 + 0.06 for 
acute glomerulonephritis, and 0.66 + 0.08 for toxic reactions 
to cyclosporine. The mean (+ standard deviation) for all 
patients without transplant rejection was 0.69 + 0.09. 

For the various resistive indexes, Table 2 gives (1) the 
sensitivity (the percentage of patients in whom rejection is 
correctly detected); (2) the specificity (the percentage of pa- 
tients in whom the lack of rejection is correctly recognized); 
(3) the positive predictive value (the percentage of patients 
with abnormal findings on Doppler examinations who will be 
rejecting); and (4) the negative predictive value (the percent- 
age of patients with normal findings on Doppler examinations 
who will not be rejecting). Only patients who were rejecting 
kidneys had a resistive index =0.9, yielding a 100% positive 
predictive value. This high value was obtained rarely (13% of 
measurements). 

If a cutoff of a resistive index of 0.80 is used, 69% of 
patients with rejection were detected. The positive and neg- 
ative predictive values were reasonably high at this level. One- 
third of cases of acute tubular necrosis also would fall in the 
abnormal range with this cutoff, but patients with normally 
functioning kidneys were infrequent in this range (4%). With 
resistive indexes between 0.80 and 0.89, the positive predic- 
tive value was 70%. Lowering the cutoff would detect more 
cases of rejection but would increase the uncertainty of a 
positive result. Table 2 shows the effect of varying the cutoff 
on sensitivity, specificity, positive predictive value, and nega- 
tive predictive value. 


TABLE 1: Resistive Index in Renal Transplant Patients with 
Normal Kidney Function and in Those with Renal Failure 





Causes of Renal Failure 
Resistive 


Normal Rejection Acute Toxic 

index Tubular Reactions to Soo 

Necrosis Cyclosporine PORIS 
0.50-0.54 1 0 2 1 0 
0.55-0.59 7 0 3 1 0 
0.60-0.64 9 0 2 0 2 
0.65-0.69 8 3 6 3 0 
0.70-0.74 9 7 4 3 1 
0.75-0.79 9 7 5 1. 1 
0.80-0.84 1 23 7 0 0 
0.85-0.89 1 7 4 0 0 
0.90-0.94 0 3 0 0 0 
0.95-0.99 0 0 0 0 0 
1.00 0 4 0 0 0 
Totals 45 54 33 9 4 


Note.—Data are for 145 studies in 81 patients. Resistive indexes were 
determined from results of duplex Doppler examinations (see text). Causes of 
renal failure were determined by biopsy and/or clinical evaluation. 
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TABLE 2: Accuracy of Detecting Renal Transpiant Rejection. 


Resistive Sensitivity Specificity +PV —PV 
Index (%) (%) (%) (%) 
>0.5 100 0 37 No data 
>0.6 100 16 42 100 
=0.7 94 49 53 94 
20.8 69 86 74 82 
=0.9 13 100 100 66 





Note.—Sensitivity = (TP/[TP + FN]) x 100; +PV = (TP/[TP + FP]) x 100; 
specificity = (TN/[TN + FP]) x 100; ~PV = (TN/[TN + FN]) x 100, +PV = 
positive predictive value; ~PV = negative predictive value; TP = true positive; 
FP = false positive; TN = true negative; FN = false negative. 


Discussion 


The renal arteries face the low-impedance renal capillary 
bed. The normal Doppler waveform has antegrade flow 
through the cardiac cycle. As downstream impedance in- 
creases, the diastolic flow diminishes [7]. These changes can 
be evaluated with Doppler sonography (Figs. 2~4), and the 
downstream impedance can be estimated by using an index 
that relates the frequency shift in the lowest part of diastole 
to peak systole. Increasing resistance in the arterial bed will 
increase the pulsatility of the waveform and increase the 
index. 

Acute rejection of renal transplants has been subdivided 
into cellular and vascular types [8]. The interstitial (cellular) 
type, a reaction of the cellular immune system, results in 
edema of the interstitium and cortical infiltration with mono- 
nuclear cells. This infiltration also can be found within the 
intertubular capillaries, the venules, and the lymphatics. The 
arteries, arterioles, and glomeruli usually are spared. The 
vascular type of acute rejection usually is due to a combination 
of humoral and cellular immune processes. Endovasculitis 
results in swelling of the endothelial cells and edematous 
infiltration of the subendothelial space. Usually, however, the 
two processes are combined [6]. 

When a vascular component of rejection is present, a 
resultant increase in the downstream impedance occurs. It is 
these forms of rejection that the Doppler examination will 
detect most easily. Doppler examinations may be insensitive 
for detecting purely cellular rejection [6], and this may account 
for the cases of rejection in our study that had normal values. 

The differentiation of any form of rejection from other 
causes of severe transplant dysfunction is more fundamental 
than actually diagnosing the type of rejection. To institute 
appropriate therapy, the clinician must distinguish rejection 
from other causes of renal dysfunction. Eleven patients with 
acute tubular necrosis and two with normal kidney function 
had resistive indexes in the rejection range. 

Berland et al. [3] also found some patients with acute 
tubular necrosis who had abnormal waveforms. Renal blood 
flow may be compromised in some cases of acute tubular 
necrosis [6] and may account for the abnormal resistive 
indexes obtained in one-third of our cases of acute tubular 
necrosis. 
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it has been stated that Doppler examinations of the seg- 
mental, interlobular, or arcuate renal arteries are equally dc- 
curate for diagnosis of vascular rejection [6]. We decided ‘to 
use the arcuate arteries because the waveform was easy to 
obtain by scanning the kidney at the corticomedullary junction, 
and it was easy to teach technologists to obtain reliable 
waveforms from this location. Although the arcuate arteries 
may not actually be identified by real-time sonography for the 
Doppler examination, obtaining a line of Doppler information 
that encompasses the medullary pyramids and using range 
gating (Fig. 1) will usually obtain the waveforms. 

We used a simple formula that requires only a caliper to 
obtain a comparison of systolic and diastolic frequency shifts. 
This method is theoretically less accurate than those that use 
the area under the waveform or a calculation of mean fre- 
quency shift. However, ease of use makes it attractive, es- 
pecially as the results are acceptably accurate. 

Although the findings on Doppler examination are not nec- 
essarily pathognomonic for one specific process, they can aid 
the clinician in deciding the kind of treatment necessary and 
the need for biopsy. The Doppler examination and a simple 
calculation can be used to accurately differentiate acute re- 
jection from acute tubular necrosis, toxic reactions to cyclo- 
sporine, and other processes. A resistive index greater than 
0.90 is highly suggestive of acute rejection (Table 3). The 


TABLE 3: Criteria for Diagnosis of Transplant Rejection i 
hi 
Resistive 





index Interpretation 
20.9 Rejection highly likely 
0.80-0.89 Rejection likely 
0.70-0.79 Indeterminate" 
<0.7 Rejection unlikely 


PERET 0 S 206 I E E RS E NT EE TD TEED 
a Rejection is possible but less likely than other diagnoses. 


AJR:148, April 1987 


predictive value for acute rejection is 74% in those patients 
in whom the resistive index is greater than 0.80. With 0.80 
as a cutoff, 69% of patients with rejection will be detected. 
Approximately one-quarter of these patients will not have 
rejection. If an even lower cutoff (0.70) is used, almost all 
cases of rejection will be detected (94%) but at a cost of 
making an overdiagnosis one out of two times (53% positive 
predictive value). 

Doppler sonography can aid in the management of patients 
with a renal transplant and acute renal failure. Depending on 
the results of the examination, therapy can be started imme- 
diately. The delay until after a biopsy is obtained or before 
histologic diagnosis is confirmed by the pathologist can be 
eliminated. Early treatment may, in many instances, salvage 
a transplanted kidney. 
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Case Report 





Spontaneous Renal Hemorrhage due to Cyst Rupture: 


CT Findings 


James M. Davis Ill’ and A. P. McLaughlin? 


Most reports on CT findings in renal hemorrhage are about 
patients with trauma [1]. Examples of spontaneous (nontrau- 
matic) hemorrhage -are rare. The most common cause of 
spontaneous renal hemorrhage is tumor [2]. Rupture of a 
renal cyst is uncommon, and massive renal hemorrhage due 
to cyst rupture is even more unusual. We report two cases 
of extensive renal hemorrhage due to ruptured renal cysts. 


Case Reports 
Case 1 


A 63-year-old man had had pain in his left flank and upper abdomen 
for 48 hr. On the day of admission, it became worse. On physical 
examination his blood pressure was 150/110 mm Hg. He had marked 
tenderness on the left side of his abdomen and his left flank and a 
small varicocele on his left side. Laboratory findings included normal 
clotting factors, a hematocrit of 39%, and 2-5 RBCs per high power 
field in the urine. 

CT showed a large, posterior perirenal hematoma extending from 
the left hemidiaphragm to the pelvis (Fig. 1). A well-defined area of 
low density in the posterior part of the left kidney was inseparable 
from the hematoma. The left ureter was displaced anteriorly, and the 
left renal vein was stretched; the latter most likely accounted for the 
varicocele. A left renal arteriogram showed no tumor vascularity or 
contrast extravasation. At surgery a large perinephric hematoma was 
present; left total nephrectomy was performed. Pathologic diagnosis 
was renal cortical cyst with hemorrhage and no evidence of tumor. 


Case 2 


Six days before admission, a previously well 55-year-old man 
experienced pain in his left lumbar area, radiating into his midline and 
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left lower quadrant. He noted that his urine was dark yellow. The 
pain subsided over the next 4 days, but on the evening before 
admission he had midabdominal pain on his left side, radiating into 
his left lower quadrant. His urine at this time was brown. On physical 
examination, he had a large mass in his left upper quadrant, which 
extended to the iliac crest, and a grade | varicocele on his left side. 
His blood pressure was 130/80 mm Hg, his hematocrit was 29%, 
and his coagulation panel was normal. 

Sonography showed a markedly enlarged left kidney with mixed 
solid and fluid components. CT showed a large mass in the left 
kidney, extending into the pelvis (Fig. 2). A smali area of low density 
was present in the posterior part of the left kidney adjacent to the 
mass. The left renal vein was stretched (Fig. 2). The stretching of the 
renal vein was thought to account for the varicocele. Left renal 
arteriography showed no neovascularity or extravasation. A radical 
left nephrectomy was performed. A large retroperitoneal mass con- 
sisting of blood was removed. Gerota’s fascia was hemorrhagic, A 
large hematoma also was present beneath the renal capsule. Patho- 
logic examination of a specimen showed a 1.5-cm cystic space 
contiguous with a large hematoma. Final pathologic diagnosis was 
renal cortical cyst, hemorrhagic, with rupture and massive perirenal 
hematoma. 


Discussion 


The earliest review of spontaneous renal hemorrhage was 
by Polkey and Vynalek [2] in 1933; they analyzed 178 cases, 
three of which were due to “cystic” kidney. In 1975, McDougal 
et al. [3] reported four cases and reviewed the literature. They 
found that of the more than 300 cases that had been reported 
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to that date, only 78 qualified as pathologically proven cases 
reported in the English literature. Causes included tumor 
(58%), vascular disease (18%), infection (10%), nephritis (5%), 
blood dyscrasias (5%), and miscellaneous conditions (4%). In 
the latest review, by Cinman et al. [4] in 1985, 59% of a total 
of 105 cases were due to tumor, over half of which were 
malignant. No simple cysts were included as a cause. 

Simple renal cysts are common; up to 50% of the popula- 
tion over the age of 50 years are reported to have at least 
one [5]. Complications of renal cysts include obstruction, 
infection, rupture, or hemorrhage, confined either to the cyst 
or Causing subcapsular or perirenal hemorrhage. Reports of 
cyst rupture without hemorrhage and also, conversely, re- 
ports of hemorrhage into renal cysts without rupture have 
been numerous [6, 7]. Rupture of a renal cyst occurs more 
frequently into the pyelocaliceal system than into the perirenal 
space. Intracystic hemorrhage is a well-known complication. 
The incidence is 0.3-11.5%, with a greater preponderance in 
polycystic kidneys [7]. The cause of cyst rupture with hem- 
orrhage is unclear. It is not known whether expansion with 
increased intracystic pressure occurs with subsequent tearing 
of blood vessels or whether the first event is hemorrhage into 
the cyst with subsequent rupture from cyst expansion. 

Rhyner et al. [8] reported the CT findings in a case of 
perirenal hemorrhage from cyst rupture; however, this case 
was due to trauma to an underlying polycystic kidney. In 
1978, Brown [9] reported a case of cyst rupture with hem- 
orrhage in which the bleeding site was identified at arteriog- 
raphy, and in 1980 Spires et al. [5] reported a case of cyst 
rupture with massive hemorrhage and death in a patient on 
anticoagulant therapy. In 1982, a case of hemorrhage from 
acquired cystic renal disease in a long-term hemodialysis 
patient was discussed by Dunhill [10]. However, in these 
cases, CT was either not obtained or not included in the 
reports. 

CT findings in renal and perirenal hemorrhage have been 
described; the majority are in reports dealing with renal trauma 
[1]. Recently, the CT perirenal and pararenal anatomy has 
been outlined elegantly by several authors [11, 12]. An im- 
portant point made by Kunin [11] is that what appears to be 
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Fig. 1.—Case 1: CT scan shows a large he- 
matoma extending from left kidney posteriorly 
into posterior perirenal space. A low-density 
area representing a simple renal cyst (arrow) in 
posterior part of left kidney is inseparable from 
hematoma. 


Fig. 2.—Case 2: CT scan shows a large ho- 
mogeneous mass with well-defined borders aris- 
ing from posterior part of left kidney and a well- 
defined low-density area adjacent to hematoma 
(arrow). Arrowheads distinguish kidney from 
mass. 


a subcapsular hematoma, with its well-defined borders, may 
actually be a perirenal hematoma. The latter’s well-defined 
borders are caused by the septa that traverse the fat in the 
perirenal space, causing compartmentalization [11]. In the 
second patient described here, this was the case; at surgery 
both a subcapsular and perirenal hematoma were discovered. 
Both patients had a low-density area representing a cyst that 
was inseparable from the hematoma. This CT finding may 
provide a clue as to the cause of a renal hemorrhage. 

In Summary, spontaneous renal hemorrhage due to cyst 
rupture is rare. In a patient with CT findings of a perirenal 
mass and no history of antecedent trauma, cyst rupture with 
hemorrhage should be considered in addition to tumor as a 
Cause, particularly if a contiguous low-density area is present. 
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Sonographic Findings in 
Adenomyosis of the Uterus 





In an attempt to define better the sonographic findings of adenomyosis of the uterus, 
we reviewed sonograms in seven cases of pathologically proven extensive adenomyosis 
without associated uterine diseases. In all cases, the uterus was enlarged. In five cases, 


the posterior wall of the uterus was thickened, and echoes in the endometrial cavity 


were eccentric. Six cases showed a slight decrease in uterine echogenicity. One case 
had sonographic findings suggestive of a calcified leiomyoma. 

The diagnosis of adenomyosis cannot be made conclusively by sonography. However, 
it can be suggested if the uterus is slightly enlarged and if the posterior portion of the 
myometrium is anechoic and thickened. 


Adenomyosis is an often overlooked condition that may be responsible for uterine 
enlargement. Adenomyosis or internal endometriosis may occur as a result of 
exaggerated overgrowth of the endometrium with invasion of the underlying 
myometrium [1] or, possibly, the displacement of viable endometrium during 
pregnancy, parturition, or uterine surgery [2]. In retrospective studies [3], the 
incidence of adenomyosis has been as high as 29%; yet in a study by Owolabi and 
Strickler [4] it was suspected preoperatively in only 10% of cases. The ability to 
make the diagnosis sonographically before surgery would be useful. 

To clarify the sonographic findings of adenomyosis, we reviewed the sonograms 
in seven cases of pathologically proven extensive adenomyosis without associated 
uterine diseases. 


Materials and Methods 


All cases of extensive adenomyosis seen in the pathology department at Francis Scott 
Key Medical Center from January 1982 to November 1985 were reviewed. Among these 
were seven women who had had a sonogram within 6 months of a hysterectomy. Patients 
with other uterine diseases were excluded. 

The sonograms were reviewed to see if adenomyosis has a typical sonographic appear- 
ance. The sonograms were obtained with commercially available gray-scale equipment. The 
routine full-bladder technique was used to examine the pelvis. 


Results 


The uterus was enlarged in all seven cases. in five, the posterior wail was 
widened, and the endometrial cavity was eccentric (Figs. 1 and 2). Six cases 
showed a slight decrease in uterine echogenicity (Fig. 3). One case had no 
significant sonographic findings, and one had findings that closely resembled a 
calcified leiomyoma with acoustical shadowing (Fig. 4). 


Discussion 


The sonographic appearance of adenomyosis has been discussed briefly in the 
literature [5]. Walsh et al. [5] found irregular cystic spaces of 5-7 mm that disrupted 
the normal echo pattern of the uterus. 

Sonographic findings in our series suggested adenomyosis in most cases. In five 





of the seven cases, the uterus was enlarged, with a thickened 
posterior myometrium and anterior displacement of the en- 
dometrial cavity. The thickening of the posterior myometrium 
could be mistaken for leiomyoma; however, the texture was 
usually uniform, and the involved area was slightly more 
anechoic than normal myometrium. The marked lobulation 
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Adenomyosis 
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Anterior 
Uterine 
Cavity 
Cervix 
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Fig. 1.—-Diagram of longitudinal section of uterus shows gross appear- 
ance of diffuse adenomyosis. 
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usually seen with leiomyomas was absent. One patient had a 
completely normal uterus. 

In most of our cases, the sonographic appearance corre- 
lated well with the pathologic findings, especially the involve- 
ment of the posterior wall and the diffuseness of the condition. 
Although cystic lesions were not seen, the uterus had a 
slightly anechoic texture. 

The sonogram in one case was difficult to explain. Sono- 
graphic and pathologic findings were consistent with ade- 
nomyosis. However, the sonographic findings were also con- 
sistent with those of leiomyoma (Fig. 4). The uterus had an 
irregular texture with acoustical shadowing. The pathologic 
findings were confirmed and showed adenomyosis only. 
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Fig. 2.—Longitudinal sonogram 
shows adenomyosis of uterus. Note 
thickened posterior wall and eccentric 
displacement of uterine cavity (ar- 
rows). 


Fig. 3.—Longitudinal sonogram 
shows adenomyosis of uterus. Note 
anechoic, uniform texture of uterus and 
eccentric uterine cavity (arrows). 


Fig. 4.—Longitudinal sonograms in 
a patient with adenomyosis. 

A, Note dense echoes with acoustic 
shadows within uterus and peduncu- 
lated mass compressing bladder (ar- 
rows). The only finding at surgery to 
account for the pedunculated mass 
was a retroverted uterus. 

B, More lateral section shows dense 
echoes within uterus (arrows) 
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Pictorial 
Essay 





Radiographic Spectrum of Osteogenic Sarcoma 


Rajendra Kumar,’ Ruppert David,? John E. Madewell,? and Marvin M. Lindell, Jr.’ 


Osteogenic sarcoma (osteosarcoma) is the most common 
primary malignant neoplasm of the bone. it arises from undif- 
ferentiated connective tissue and contains varied amounts of 
both neoplastic osteoid and cellular tissues. There are three 
types (osteogenic, chondrogenic, and fibrogenic), depending 
on the preponderance of the tissue present [1]. Most osteo- 
sarcomas occur in children and young adults in the meta- 
physis of a long bone especially around the knee joint (Figs. 
1-4}. Epiphyseal and diaphyseal locations are unusual (Figs. 
5 and 6), and infrequently the central skeleton may be involved 
(Fig. 7). 

Unusual variants of the tumor include parosteal (Fig. 8), 
periosteal (Fig. 9), telangiectatic (Fig. 10), intracortical, intra- 
medullary, and small-cell osteosarcomas [2, 3]. Infrequently, 
a primary osteogenic sarcoma may be seen in children with 
bilateral retinoblastomas [4]. Multicentric osteosarcomas are 
caused by metastatic spread, although sometimes multiple 
synchronous tumors occur (Figs. 11 and 12) [5]. 

Secondary osteosarcomas arise in preexisting benign bone 
lesions and after irradiaton to bone or soft tissues. These 
tumors tend to occur at an older age and are rare. Secondary 
osteosarcomas have been described with Paget's disease 
(Fig. 13), irradiation (Fig. 14), osteoblastoma (Fig. 15), fibrous 
dysplasia (Fig. 16), osteogenesis imperfecta, osteopetrosis, 
osteopoikilosis, bone infarct (Fig. 17), bone cyst (Fig. 18), 
enchondroma, and osteochondroma [6-11]. 

Metastatic spread of the tumor may be widespread, and 
occasionally ossifying metastases occur, especially in the 
lungs and lymph nodes (Figs. 19 and 20). “Skip” metastasis 
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Fig. 1.—Distribution of primary osteogenic sarcoma by site. 


Presented at the annual meeting of the American Roentgen Ray Society, Washington, DC, April 1986. 
1 Department of Radiology, University of Texas Medical Branch, Galveston, TX 77550. Address reprint requests to R. Kumar. 


? Department of Radiology, Baylor College of Medicine, Houston, TX 77030. 


* Department of Radiology, M. D. Anderson Hospital and Tumor Institute, Houston, TX 77030. 
AJR 148:767-772, April 1987 0361-803X/87/1484~-0767 © American Roentgen Ray Society 








768 KUMAR ET AL. 


RSet 


Ree 
Be 


ARE 


He 
i 


oe 
i 


ee 
Be res 


Se 
paste 


Fig. 4.—Purely sclerotic primary osteosarcoma Fig. 5.--Epiphyseai 


arising in proximal tibia with extension of tumor 
containing mineralized osteoid into adjacent soft 
tissues. 


(Fig. 21) is a separate lesion that occurs in the same bone as 
the primary osteosarcoma and is usually located more proxi- 
mal to it [12]. Osteosarcoma arising in the mandible or maxilla 
(Fig. 22) differs from conventional tumors arising elsewhere 
in the body in that it occurs in older patients (fourth to sixth 
decades), is predominantly chondroblastic in origin, and has 
less malignant potential and a better prognosis [13]. 
Osteosarcoma may also arise in soft tissues, especially in 








primary osteosarcoma 
arising in distal femur. Because of its location, 
lesion can be mistaken for chondroblastoma or 


clear-cell chondrosarcoma. 
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Fig. 2.-~Conventional primary osteosarcoma 
arising in proximal metaphysis of tibia. Lesion is 
largely lytic and contains a few sclerotic foci 
(mixed patterns). 


Fig. 3.——Purely lytic primary osteosarcoma in 
distal femur shows large area of bony destruc- 
tion and soft-tissue extension. 





Fig. 6.—Diaphysea!l primary osteosarcoma 
arising in distal femoral shaft. “Codman’s trian- 
gle” (arrow) shows breakout of tumor into soft 
tissues and is helpful diagnositic sign of malig- 
nancy. 


the deep muscles of the thigh (Fig. 23), breast, renal capsule, 
pleura, and dura of the brain. 

Although plain radiographs are usually adequate for making 
the diagnosis, radionuclide bone scanning, CT, and MR im- 
aging can be used to determine the extent of the primary 
lesion and its metastatic spread (Fig. 7). Such information is 
essential for staging the tumor and for determining the treat- 
ment and prognosis. 
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Fig. 7.—A, Osteosarcoma arising in right 
hemipelvis. 

B, CT scan shows bone destruction and soft- 
tissue extension of tumor with caicified matrix. 

C and D, Axial and coronal MR images, re- 
spectively (TR = 1500, TE = 35), show entire 
soft-tissue component of tumor. Calcification in 
tumor matrix is not seen; however, soft-tissue 
extension and vascular displacement are seen 
well. 


Fig. 8.—Parosteal primary osteosarcoma. 
A, Juxtacortical pedunculated mushroomlike tumor on bone surface with smooth, lobulated 


margins arising in distal femur. Linear radiolucent line between tumor and bone cortex is similar to 
myositis ossificans. However, parosteal osteosarcoma is usually more densely calcified centrally, 


whereas ossification begins peripherally in myositis ossificans. 
B, Radiograph of cut section through tumor shows linear radiolucent line (arrowheads). 





769 














py 


YERA 


N 


ots 
A ques 
eh 


Fig. 9.--Periosteal osteosarcoma. Broad-based 
sessile juxtacortical tumor arising from humeral 
shaft. Periosteal reaction along bone cortex and 
irregular margins of tumor are typical features. 
Femur is most common location. 
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Fig. 10.—Telangiectatic osteosarcoma. Lytic, Fig. 11.—Osteosarcomatosis. Multicentric osteosarcomas developed in this 32-year-old patient. 
permeating lesion in distal femur extends into pos-  Sclerotic lesions are seen in the distal femur and proximal tibia (A ) and the distal radius and third meta- 
terior soft tissues. Histologically, tumor is cystic carpal (B). 
and filled with hemorrhagic and necrotic tissue. 

Differential diagnoses include Ewing’s sarcoma, 
histiocytic lymphoma, aneurysmal bone cyst, os- 
teomyelitis, and metastasis. 





Fig. 12.—Metastatic osteosarcoma in left Fig. 13.--Secondary osteosarcoma complicat- Fig. 14.~—-Radiation-induced osteosarcoma 
hemipeivis 5 months after detection of primary ing Paget’s disease. Distal femur with typical fea- arising in scapula 8 years after radiation for 
tumor in left proximal humerus. tures of Paget's disease also shows large soft- breast carcinoma. 
tissue mass and bony destruction representing 
osteogenic sarcoma. Overall prevalence of this 
complication is <1%. 
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Fig. 15.—Osteosarcoma arising in osteoblastoma of right puboischial region. Fig. 16.--Osteosarcoma developing in fibrous 
A, initial radiograph shows well-defined expansile benign tumor. dysplasia (arrows). Scierotic features typical of 
B, 2 years later. Tumor is larger and has extended into soft tissues, consistent with malignant fibrous dysplasia are evident. 

transformation. Rarely, an osteoblastoma may also have an aggressive course without malignant 

degeneration. 
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Fig. 17.—-Osteosarcoma arising in bone in- Fig. 18.—-Osteosarcoma arising in simple Fig. 19.--Ossifying metastases to lungs in os- 
farct in distal femur. This complication is rare bone cyst in distal femur. Tumor extends pos- = teosarcoma of left distal femur. 





When malignancy occurs in association with an teriorly into soft tissues. 
infarct, it is more often fibrosarcoma or malig- 
nant fibrous histiocytoma. 





(arrow) in patient with osteosarcoma arising in 
sacrum. Note bony destruction in sacrum with soft- 
tissue exension. 
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Fig. 20.—Ossifying metastasis in lymph node 


Fig. 22.--Osteosarcoma arising in mandible (A) with mottled bony destruction and spiculated 


periosteal reaction is seen best on specimen radiograph (B). 
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Fig. 21.—“Skip” metastasis. Metastasis in 
same bone as primary lesion (arrow) in pa- 
tient with osteosarcoma in midshaft of left 
femur. Radionuclide bone scan showed two 
separate lesions corresponding to those 
seen on plain radiograph. 


Fig. 23.—Osteosarcoma arising in thigh mus- 
cles. These tumors arise de novo or after radiation. 
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Periostitis in Hypertrophic 
Osteoarthropathy: 


Relationship to Disease Duration 





The relationship of periostitis to disease duration in primary hypertrophic osteoar- 
thropathy and the association of periostitis with cardiopulmonary disorders (secondary 
type) were studied in order to define distinguishing features between the two. Radio- 
graphic skeletal surveys were performed in 24 patients with hypertrophic osteoarthrop- 
athy to analyze pattern (single layer, multilayered, irregular) and site of involvement 
(diaphysis, metaphysis, epiphysis). The six patients with primary hypertrophic osteoar- 
thropathy and the 11 patients with cyanotic congenital heart disease had thicker, more 
widespread periostitis involving the diaphysis, metaphysis, and epiphysis, in contrast 
to abnormalities in the seven patients with hypertrophic osteoarthropathy secondary to 
carcinoma of the lung. Average cortical bone widths as determined by radiogramme+tric 
measurement of the second metacarpals were significantly greater for the patients with 
primary hypertrophic osteoarthropathy (8.9 + 6.0 mm) and cyanotic congenital heart 
disease (8.5 + 6.4 mm) as compared with the patients with bronchogenic carcinoma 
(6.0 + 3.9 mm). 

Correlation of radiographic patterns with duration of disease confirms that thicker, 
more extensive alterations are indicative of long-standing disease. The periostitis of 
hypertrophic osteoarthropathy is therefore not dependent on the primary or secondary 
nature of the disease but principally on its duration. 


Periostitis is a well-known radiographic feature of hypertrophic osteoarthropathy 
(HOA) and is frequently associated with digital clubbing, periarticular demineraliza- 
tion, and joint swelling or effusion. The morphology, thickness, anc distribution of 
periosteal new-bone formation in patients with HOA have not been quantitatively 
studied or well characterized. The literature contains conflicting observations on 
radiographic features that allow differentiation between primary and secondary 
HOA. Some authors [1-5] have stated that, although the diaphyses and meta- 
physes can be affected in both conditions, periostitis commonly extends into the 
epiphyseal region in primary HOA. Poorly defined bony outgrowths are also saic 
to be characteristic of primary HOA, differing from the linear deposits that most 
typically accompany secondary HOA [1-5]. Other investigators [6-10] have found 
no differences in the radiographic appearance of periostitis in the two types of 
HOA. 

The purpose of this investigation is to characterize the thickness. morphology. 
and distribution of periostitis in primary and secondary HOA and to identify features 
that differentiate the disorders. The study will also test the hypothesis that the 
pattern of periostitis in HOA is dependent not on its primary or secondary nature 
but principally on the duration of the disease process. 


Subjects and Methods 


Our study population consisted of 24 patients who had one of the following diseases: (7) 
primary or idiopathic hypertrophic osteoarthropathy (primary HOA), (2) cyanotic congenita! 
heart disease with secondary HOA (CCHD-associated HOA), or (3) lung cancer associated 
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with secondary HOA (lung-cancer HOA). The primary HOA patients 
included six men ranging in age from 8 to 42 years (mean + SD = 
26 + 12 years), with disease duration ranging from 3 to 28 years 
(mean + SD = 11.2 + 5.8 years). The CCHD-associated HOA group 
comprised 10 men and one woman ranging in age from 10 to 52 
years (mean + SD = 25.6 + 10.8 years), with disease duration 
ranging from 5 to 52 years (mean + SD = 21.7 + 10.9 years). 
Underlying congenital cardiac defects included transposition of the 
great vessels in four patients, patent ductus arteriosus with flow 
reversal in two, anomalous pulmonary venous connection in two, 
atrioventricular discordance with situs inversus in one, a single ven- 
tricle in one, and tetralogy of Fallot in one. The lung-cancer HOA 
patients included seven men ranging in age from 48 to 67 years 
(mean + SD = 57.7 + 6.3 years), with disease duration ranging from 
1 to 7 years (mean + SD = 2.8 + 2.1 years). Histologic subtypes 
included adenocarcinoma in four patients, epidermoid carcinoma in 
one, bronchoalveolar carcinoma in one, and squamous cell carcinoma 
in one. 

The predominance of males (23 of 24) in the study reflected the 
natural tendency of primary HOA and lung cancer to affect this 
gender. There appeared to be no major difference in age between 
the groups of patients with primary HOA and CCHD-associated HOA: 
nevertheless, the average duration of disease was greater in the 
patients with CCHD-associated HOA. The seven patients with lung- 
cancer HOA were the oldest, and the duration of their disease was 
the shortest. 

Our criteria for diagnosing HOA required the combined presence 
of digital clubbing and periosteal new-bone formation in tubular bones. 
Primary HOA was diagnosed when after extensive clinical and labo- 
ratory analysis the aforementioned abnormalities were evident in the 
absence of any associated organic disease. 

Skeletal surveys were obtained in all patients with primary HOA 
and CCHD-associated HOA and included frontal radiographs of the 
long bones of the upper and lower extremities as well as those of the 
hands and feet. Skeletal surveys from patients with lung-cancer HOA 
were selected from the teaching files of the radiology department; in 
all of these surveys, radiographs of the upper or lower extremities or 
both were available. 

The radiographs were analyzed and graded by two experienced 
skeletal radiologists without knowledge of the clinical diagnosis. The 
two radiologists first developed a set of specific observations to be 
made in interpreting the radiographs, which are outlined below. A 
subset of the films were then graded independently by both observ- 
ers, and no significant interobserver variation was encountered. One 
of the two observers then graded all of the remaining radiographs 
included in the study. 
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The radiographic analysis of each long and short tubular bone 
included the following observations: (1) site of involvement: presence 
or absence of periosteal new-bone formation in the diaphysis, meta- 
physis, or epiphysis; and (2) pattern of periostitis: (a) single layer of 
new-bone formation with a radiolucent area between this bone and 
subjacent cortex, (b) multilayered apposition of several layers of new 
bone with either a radiolucent area between each layer or a thick, 
linear, osseous deposit that was separated from or merged with the 
underlying bone, (c) irregular pattern, characterized by thick, irregular, 
and diffuse osseous proliferation that obscures the original cortical 
surface and leads to a pseudocortex with calcification of the neigh- 
boring structures including tendons, ligaments, or interosseous mem- 
branes. On the basis of the observations outlined above, the overall 
severity of periostitis was subjectively graded as mild (1+), moderate 
(2+), or severe (3+). 

In order to further evaluate the degree of periostitis, accurate 
measurement of the thickness of the cortical bone and medullary 
Space in the middiaphyseal region of each second metacarpal was 
performed by using standard radiogrammetric technique. Statistical 
analysis of this quantitative data was performed by using a completely 
randomized least-squares analysis of variance. 


Results 


Radiographic features related to the site of involvement, 
type of periostitis, and overall subjective grade of severity are 
summarized in Table 1. All three segments of the bone 
(diaphysis, metaphysis, and epiphysis) displayed periosteal 
new-bone formation in the group of patients with primary 
HOA and CCHD-associated HOA (Fig. 1); none of the patients 
with HOA secondary to lung cancer showed epiphyseal ab- 
normalities. 

The most common type of periostitis observed in patients 
with primary HOA (Fig. 2) and CCHD-associated HOA (Fig. 3) 
was multilayered; an irregular pattern of periostitis was pres- 
ent in one-third of these patients (Figs. 4 and 5). In the patients 
with lung-cancer HOA, however, the most common pattern 
of periostitis was a single layer (Figs. 6 and 7), and in no case 
was an irregular type of periostitis found. 

Scores indicating severity of periostitis showed that a se- 
vere degree was present in a significant percentage of pa- 
tients with both primary HOA and CCHD-associated HOA. 
None of the patients with HOA secondary to lung cancer 
exhibited such a score. 


TABLE 1: Radiographic Abnormalities of Tubular Bones in Patients with Hypertrophic Osteoarthropathy 











Primary HOA CCHD-Associated HOA Lung-Cancer HOA 
(n = 6) {n = 11) (n = 7) 
Type of periostitis 
Single layer 1 (17) 2 (18) 4 (57) 
Muitilayered 3 (50) 6 (55) 3 (43) 
Irregular 2 (33) 3 (27) 0 
Site of involvement 
Diaphysis 2 (33) 4 (36) 3 (43) 
Diaphysis, metaphysis 2 (33) 3 (27) 4 (57) 
Diaphysis, metaphysis, epiphysis 2 (33) 4 (36) 0 
Overall severity index 
Grade 1+ (mild) 2 (33) 5 (45) 3 (43) 
Grade 2+ (moderate) 2 (33) 4 (36) 4 (57) 
Grade 3+ (severe) 2 (33) 2 (18) 0 


anaE 


Note.---Numbers in parentheses are percentages. HOA = hypertrophic osteoarthropathy; CCHD = cyanotic congenital heart disease. 
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Fig. 1.—Frontal radiograph of right hand of 24- 
year-old man with anomalous pulmonary venous 
connection shows periosteal new-bone formation 
involving metacarpals, proximal and middie pha- 
langes, and radial styloid process. Periostitis is 
firmly incorporated into underlying cortex and ex- 
tends into epiphyses at two sites (arrows), typical 
of longstanding disease. 


Fig. 4.—Frontal radiograph from 34-year- 
old patient with primary hypertrophic osteo- 
arthropathy shows characteristic features of 
longstanding disease. Severe periostitis in- 
volves distal tibia and fibula, manifested as 
thick, irregular osseous proliferation (ar- 
rows) that obscures original cortical surface. 
Adjacent structures including interosseous 
membranes (n) and entheses are also af- 
fected. 


Fig. 5.—Frontal radiograph of radial and 
ulnar shafts from 25-year-old patient with 
cyanotic heart disease shows nodular and 
irregular appearance of periosteal new-bone 
formation (arrows), a pattern not observed in 
association with bronchogenic carcinoma. 
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Fig. 2.—Frontal radiograph from patient 
with primary hypertrophic osteoarthropathy 
depicts apposition of several layers of new 
bone (arrows) along cortical surface of distal 
humerus, characteristic of early age of onset 
in this individual. 





Fig. 3.-—-Frontal radiograph of distal tibia and 
fibula from 20-year-old man with situs inversus 
and atrioventricular discordancy shows multiay- 
ered, thick, and irregular osseous proliferation with 
spiculated contour (arrow) that merges with ur 
derlying cortex. Pattern resembles that tradition- 
ally associated with primary hypertrophic osteo- 
arthropathy. 
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Fig. 6.—-Frontal radiographs of distal portions of A, right femur and B, left tibia from 66- Fig. 7.-~Frontal radiograph of distal radius and ulna from 
year-old man with iung carcinoma show solitary layers of periosteal new-bone formation 52-year-old man with epidermoid carcinoma of right upper 
(arrows) with interposed radiolucent areas separating them from subjacent cortex. lobe shows single thick layers of periosteal new bone (ar- 


rows) separated from underlying cortices by radiolucent 
stripes. This periosteal morphology occurs with relatively 
low frequency in primary hypertrophic osteoarthropathy 
(HOA) and HOA associated with cyanotic congenital heart 
disease. 


TABLE 2: Disease Duration in Years (Mean + SD) Compared to Overall Severity of Radiographic Abnormalities in Patients with 
Hypertrophic Osteoarthropathy 


SAORA 


Severity of Radiographic Primary HOA CCHD-Associated HOA Lung-Cancer HOA 
ateen A E araa L l M, Sakti eT Le A 
Grade 1+ (mild) 10 + 28 72+ 98 STES 
Grade 2+ (moderate) 13.5 + 14.8 2154+ 2.1 3.5 + 2.0 
Grade 3+ (severe) 16.5 + 2.1 31.6 + 13.5 0 


LL AOA SE STEROID A TTS POOL eon a ated 


Note.--HOA = hypertrophic osteoarthropathy; CCHD = cyanotic congenital heart disease. 


There was a direct relationship between the duration of involved. The tibia and fibula were most commonly affected, 
disease and the morphology as well as the extent of the followed by the femur and ulna. With the exception of three 
radiographic abnormalities (Table 2), and between the disease patients with primary HOA, the abnormalities were bilateral 
duration and the number of affected bones (Table 3) in those and symmetric in distribution. 
patients with primary HOA and CCHD-associated HOA for Statistical analysis of metacarpal measurements revealed : 
whom complete skeletal surveys were available. When the significant differences between the patients with lung-cancer 
radiographs from patients in all three groups were matched HOA and the other two groups (Table 5). The former mani- 
for disease duration, a similar pattern of periostitis and a fested lower values for cortical-bone (p < .0001) and total- 
similar index of severity were observed. bone (p < .0001) width as well as higher values for medullary- 

Table 4 shows the frequency with which each bone was space width {p < .0014). 
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Discussion 


The results of this study indicate that the skeletal changes 
observed in primary HOA and in CCHD-associated HOA are 
similar and are characterized by more prominent and wide- 
spread abnormalities than those seen in lung-cancer HOA. 
The radiographic differences related to thickness, morphol- 
ogy, and distribution of periostitis that were observed among 
these groups appeared primarily to reflect the duration of the 
disease. For example, young patients with either primary HOA 
or CCHD-associated HOA had a pattern of periostitis similar 
to that in adults with lung-cancer HOA. Unfortunately, the 
nature of our available study material did not allow us to 
ascertain whether or not these generalizations are applicable 
to patients with other causes of HOA. 

Some investigators [1, 2, 5, 11] have indicated that a careful 
evaluation of radiographic abnormalities will allow accurate 


TABLE 3: Relationship of Number of Affected Bones to Disease 
Duration 


Disease Duration Primary HOA + CCHD-Associated HOA 


(years) 

1-10 5 9 
11-20 21 11 
21-30 52 21 
31-40 0 0 
41-52 0 31 


Note.—HOA = hypertrophic osteoarthropathy; CCHD = cyanotic congenital 
heart disease. 


TABLE 4: Distribution of Affected Bones in Patients with Primary 
Hypertrophic Osteoarthropathy and Cyanotic Congenital Heart 
Disease with Secondary Hypertrophic Osteoarthropathy 


Number of patients 





Affected Bone (%) 
Tibia 14 (82) 
Fibula 13 (76) 
Femur 12 (71) 
Ulna 12 (71) 
Metatarsal 11 (65) 
Radius 9 (53) 
Metacarpal 9 (53) 
Humerus 8 (47) 
Hand phalanges (proximal and middle) 5 (29) 
Foot phalanges (proximal and middle) 4 (24) 


TS ES a ENTE TSS SSS o o oo 


Note.—n = 17. 
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differentiation between primary and secondary HOA. For ex- 
ample, it has been suggested that in secondary HOA, the 
epiphyses are not affected by periosteal new-bone formation 
[1, 2, 5, 11]. Our results have shown that this segment of the 
tubular bones is affected in one-third of patients with CCHD- 
associated HOA and in a similar proportion of patients with 
primary HOA. It has also been stated that another basic 
difference is the type of periostitis, being “layered” in second- 
ary HOA and irregular in primary HOA [8, 5]. Our results do 
not support this concept; we found shaggy, irregular, perios- 
teal bone formation equally frequent in both primary HOA and 
CCHD-associated HOA (Table 1). This type of periosteal new 
bone was not detected in the lung-cancer HOA group. A third 
distinguishing feature between the two types of HOA noted 
by some investigators is the presence of ossification in liga- 
ments or interosseous membranes among patients with pri- 
mary HOA [5]. We found three examples of such ossification 
between the tibia and fibula; two occurred in patients with 
CCHD-associated HOA and the other in a patient with primary 
HOA. These three patients exhibited widespread bony in- 
volvement and had the longest duration of disease. 

Our investigation did not disclose any distinguishing radio- 
graphic features between primary HOA and CCHD-associated 
HOA. A similar percentage of patients in both groups dis- 
played the same type of periosteal new-bone formation. Both 
conditions affected all three segments of tubular bones with 
similar frequency, and the thickness as well as the morphol- 
ogy of the periostitis was similar, supporting the observations 
of Vogl and Goldfischer [12], who compared the histologic 
features in cases of primary and secondary HOA [13-15]. 
They found strikingly similar changes in both conditions, 
including identical patterns of periosteal new-bone formation, 
the same gradual conversion of newly formed cancellous bone 
into a compact outer sheath, and comparable progressive 
rarefaction of the compact outer layers of the original cortex. 

In our seven patients with lung-cancer HOA, less prominent 
periosteal changes were noted in a more limited distribution. 
When radiographs were analyzed according to disease du- 
ration, we found no significant differences between this group 
of patients and those with primary and CCHD-associated 
HOA; these observations suggest that the duration of the 
disease is most important in determining the distribution and 
morphology of the skeletal changes. Therefore, in malignancy- 
associated HOA, a disease process of much shorter duration, 
the natural evolution of the osseous changes cannot fully be 
expressed. 


TABLE 5: Radiogrammetric Measurements in mm (Mean + SD) of Second Metacarpal in Patients with Primary HOA, CCHD-Associated 


HOA, and Lung-Cancer HOA 


Primary HOA 
(n = 6) 
Cortical-bone width 8.9 + 6.0 
Medullary-space width DEEDS 
Total-bone width 9.7 + 1.0 


CCHD-Associated HOA Lung-Cancer HOA 


(n = 11) (n= 7) 

8.5 + 6.4 6.0 + 3.9 
1.7 25,7 3.0 + 3.8 
9.8 + 1.7 8.9 + 2.4 


rl 
Note.—HOA = hypertrophic osteoarthropathy; CCHD = cyanotic congenital heart disease. 
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In most of our patients, regardless of the cause of HOA, 
the skeletal abnormalities were symmetric in distribution. The 
bones of the lower extremities were most frequently affected, 
a finding that is in agreement with previous observations [11, 
16-20]. 

Our data suggest that in all forms of HOA, periosteal bone 
deposition appears initially in the proximal and distal dia- 
physes and metaphyses of the long tubular bones. It consists 
of monolayered, linear periostitis that increases the circum- 
ference of the affected bone without otherwise altering its 
shape. With disease progression, periostitis becomes more 
prominent, extends into the epiphyses, and is laminated or 
multilayered in appearance. In advanced cases, the changes 
can affect virtually all of the long tubular bones, resulting in 
an increased thickness and an irregular surface. This process 
is reflected by the group differences in metacarpal cortical 
and medullary thicknesses derived from the quantitative por- 
tion of this investigation. Ossification of an adjacent interos- 
seous membrane appears to be the final step of the evolution 
of HOA. 

One potential limitation of this investigation involves the 
fact that age of onset and duration of disease were not 
independent variables among the patients studied. Long du- 
ration of disease was associated with early age of onset 
(primary HOA and CCHD-associated HOA), whereas short 
duration of disease tended to occur in the older patients with 
HOA secondary to bronchogenic carcinoma. Our results do 
not permit exclusion of the possibility that age of onset as 
opposed to duration of disease is the predominant factor in 
determining the pattern and distribution of HOA. 

The loosely attached periosteum of children may be more 
conducive to new-bone formation, resulting in a greater ten- 
dency toward thick, shaggy periostitis with epiphyseal exten- 
sion. This hypothesis could be addressed by a comparable 
radiographic study of a population with HOA secondary to an 
adult-onset disease that is compatible with a longer lifespan, 
such as bronchiectasis. Unfortunately, skeletal surveys on a 
sufficient number of such patients were not available at the 
time of our investigation. 

In conclusion, the periostitis of primary HOA and that 
secondary to CCHD are similar in appearance and character- 
ized by thicker, more irregular, and widespread changes 
involving all of the segments of a tubular bone. By contrast, 
lung-cancer HOA typically includes a mild degree of periostitis 
that spares the epiphyses and is monolayered. Correlation of 
radiographic patterns with duration of disease confirms that 
more prominent and widespread changes are indicative of 
longstanding disease. The periosteal manifestations of HOA 
thus appear to be principally dependent not on the primary or 
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secondary nature of the disease but rather on its duration or 
age of patient at onset. 
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Patterns of Paravertebral 
Ossification in the 
Prehistoric Saber-Toothed 
Cat 





In cases of paravertebral ossification in humans, the radiographic characteristics 
usually lead to a specific diagnosis. Similar manifestations are sometimes described in 
other species. We applied knowledge of the radiographic appearance of spinal altera- 
tions in modern humans to the evaluation of 48 fused thoracic and lumbar fossilized 
spine specimens from the prehistoric saber-toothed cat (Smilodon californicus), in which 
prominent paravertebral ossification is frequently found. Inspection, conventional ra- 
diography, and, in some cases, CT and fluoride analyses were performed. The spinal 
alterations in the saber-toothed cat, which previously were believed to be caused 
primarily by trauma, showed characteristics of three major pathologic processes: trauma, 
diffuse idiopathic skeletal hyperostosis, and inflammatory disease of a type similar to 
ankylosing spondylitis. The last two categories have rarely been diagnosed in species 
other than humans. 

The results suggest that diffuse idiopathic skeletal hyperostosis and inflammatory 
spondyloarthropathy are diseases that occurred in prehistoric times and are not confined 
to the human species. 


Paravertebral ossification is a well-recognized manifestation of a variety of 
disease processes in humans. The radiographic appearances of different types of 
paravertebral ossification have been found to have features characteristic of the 
various pathologic entities in which they occur. The purpose of this investigation 
was to apply the known radiographic characteristics of the different causes of 
paravertebral ossification in modern humans to the evaluation of pathologically 
fused prehistoric vertebral specimens of the saber-toothed cat. Paravertebral 
ossification has been noted with high prevalence in the thoracic and lumbar spinal 
remains of saber-toothed cats (Smilodon californicus) recovered from the tar pits 
of La Brea, CA, the largest fossil deposit of this species found to date. The vertebral 
fusions in this extensive collection were previously attributed to traumatic or 
degenerative processes. 


Materials and Methods 


Forty-eight vertebral specimens from the prehistoric saber-toothed cat, from the George 
C. Page Museum at La Brea, Los Angeles, CA, fulfilled the criterion of osseous fusion of two 
or more adjacent vertebral segments in the thoracic or lumbar spine, or both. Visual 
examination, photography, and radiography were performed on each. Eight specimens were 
also studied with CT on a Technicare 2060 scanner by using 5-mm-thick slices at 3-mm 
intervals in the axial plane, in an attempt to further characterize the pattern of paravertebral 
ossification as well as to evaluate intraarticular vs periarticular facet joint fusion. All saber- 
toothed spine specimens were systematically examined, and the gross physical characteris- 
tics were correlated with the radiographic and CT findings. Fluoride analysis was performed 
on one hemisectioned vertebra to exclude fluorosis because of the unexpected uniform 
finding of extremely high radiographic and CT density. This analysis was also accomplished 
on a sample of the asphalt material from the tar pits in which the fossils had been embedded 
for several thousand years. Both analyses were performed spectroscopically after ashing. 


Results 


Among the 48 saber-toothed cat vertebral specimens, there 
were three distinct patterns of paravertebral ossification cor- 
responding to recognized configurations in modern humans: 
(1) alterations resembling those resulting from previous 
trauma with possible ensuing infection (17 specimens); (2) 
changes resembling those of diffuse idiopathic skeletal hy- 
perostosis (DISH) (9 specimens); and (3) inflammatory 
changes typical of ankylosing spondylitis (11 specimens). 
Combinations of these three patterns were also recognized 
(9 specimens). Two specimens could not be confidently clas- 
sified owing to the nonspecific nature of the ossification. In 
two specimens incomplete ossification of the vertebral ring 
apophyses indicated an immature skeleton, and the pattern 
of ossification in both resembled DISH. 

The specific criteria employed for classification are shown 
in the illustrations of the three main categories that were 
found: trauma (Fig. 1), DISH (Fig. 2), and inflammatory disease 
as in ankylosing spondylitis (Fig. 3). 

Spectroscopic fluoride analysis of one ashed, hemisec- 
tioned vertebra, which demonstrated increased bony density 
by plain film radiography, yielded a fluorine content of 0.054%, 
or 54 mg/100, while the fluorine content of the tar was 
0.006%. This indicated that constituents other than fluoride 
were responsible for the high intrinsic radiographic density of 
the specimens, and suggested that the saber-toothed cat did 
not have endemic fluorosis. 
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Discussion 


Familiarity with the conditions that may cause paravertebral 
ossification is important in the clinical analysis of human 
disease. This knowledge also has application to paleopatho- 
logic studies of human, as well as animal, historic, and prehis- 
toric spinal specimens, as exemplified by our investigation. 

Using contemporary knowledge of the radiographic and 
pathologic appearances of different types of paravertebral 
ossification in humans, we attempted to characterize the likely 
cause of such ossification in the saber-toothed cat. The saber- 
toothed cat skeletal specimens had been previously examined 
and characterized by Moodie in 1927 and 1930 [1, 2] as well 
as by Merriam and Stock in 1932 [3], who described the 
normal anatomy and pathology of the species. These early 
investigators attributed the frequent extensive fusion of tho- 
racic, lumbar, and sacral vertebral segments in the saber- 
toothed cat to either degenerative processes [2, 3] or trauma 
[2], possibly complicated by infection [1]. 

The saber-toothed cat species existed during most of the 
Pleistocene epoch and became extinct approximately 12,000 
years ago. Skeletal remains have been found in several parts 
of the world, but the largest collection has been recovered 
from the tar pits at La Brea, CA. This carnivore was of 
comparable size but of much heavier build compared with the 
modern-day African lion, and is believed not to have pos- 
sessed the speed necessary to catch its prey. Rather, it 
waited in hiding for victims to come close, for example, near 
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Fig. 1.—A, Radiograph of a lumbar specimen from a saber-toothed cat shows the traumatic type of ossification. Arrow points to broad transverse 


process seen on end, projecting over spinal canal. 


B, Photograph of same specimen reveals localized nonanatomic ossification originating from spinous process, laminae, and facet joints (arrowheads). 
C, Another specimen again reveals asymmetric, posterolateral ossification (open arrows) characteristic of the traumatic type. 
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Fig. 2.—Lumbar specimens of saber-toothed cats showing the diffuse idiopathic skeletal hyperostosis type of ossification. 
A, On the radiograph, thick anterior bridging ossification is well seen (open arrows), with height of the intervertebral disk spaces preserved. 
B, Photograph of anterior aspect of another specimen shows characteristic pattern of flowing ossification involving anterior and anterolateral aspects 


of vertebral bodies. 
C, Photograph of a third specimen shows absence of involvement of posterior osseous structures while prominent ossification is present anterior 


(arrowheads) and anterolaterally. 
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Fig. 3.—A, Inflammatory type of ossification, as seen in this radiograph shows smooth anterior and anterolateral ossification, which bridges a narrowed 
intervertebral disk space. Note sclerotic appearance, which was present in varying degrees in most specimens. 

B, Photograph of same specimen reveals the characteristic smooth anterior ossification. 

C, CT scan of another specimen shows intraarticular fusion of both facet joints (arrows). 
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a watering hole. The saber-toothed cat would suddenly attack 
by rising up on its hind legs and burying its 8- to 10-inch 
fangs into the neck of its prey in a powerful stabbing action. 
It has been suggested that this upright attack posture resulted 
in repetitive mechanical stress on the spine, which in turn 
induced the extensive paravertebral ossification manifested 
by many of the retrieved specimens [3]. 

Of the approximately 1000 saber-toothed cat vertebral 
specimens recovered at La Brea to date, we studied all 48 
available fused specimens, which amounted to 108 vertebrae. 
Visual inspection of and conventional radiographic findings in 
each specimen, as well as CT of eight specimens, led to the 
Classification of spinal ossification into specific etiologic cate- 
gories. 

Ankylosing spondylitis has been described in prehistoric 
specimens of both humans and animals; however, it has more 
recently been suggested that some specimens initially thought 
to manifest ankylosing spondylitis instead had the osseous 
alterations characteristic of DISH [4]. This latter entity has 
only recently been described in the medical literature [5] and 
was initially termed senile ankylosing hyperostosis of Forestier 
[6]. This entity is not yet mentioned in current paleopathologic 
texts [7]. Few reports of the alterations characteristic of DISH 
occurring in animals can be found in the literature. One study 
described one case each of DISH and of ankylosing spondy- 
litis in Rhesus monkeys [8]. A later report described DISH in 
a mature dog [9]. 

The commonly observed osseous alterations of spondy- 
losis deformans have been described in both humans and 
animals dating back to prehistoric times. These osteophytes 
are typically limited to the vertebrae adjacent to a degenerated 
intervertebral disk and do not result in bone ankylosis, al- 
though limited areas of spinal fusion may occur. 

Fluorosis resulting from chronic fluorine intoxication is en- 
demic in certain parts of the world [10]. Diffuse osteosclerosis 
is characteristic, as are irregular periosteal thickening, calcifi- 
cation of ligamentous structures and entheses, and spinal 
osteophytosis. Similar alterations have been reported in ani- 
mals exposed to high fluoride intake. Most of the saber- 
toothed cat vertebral specimens we studied exhibited diffuse 
osteosclerosis on both conventional radiographs and CT im- 
ages. Endemic fluorosis was excluded by documentation of 
a normal fluoride content in a hemisectioned vertebral speci- 
men and in the asphalt in which the bones had been sub- 
merged for thousands of years. During sectioning, however, 
a fairly large amount of fine sand fell from the intertrabecular 
spaces of the bone. This material has been previously de- 
scribed as a cause of localized areas of increased density in 
ancient osseous remains [11]. The phenomenon is thought 
to result from a gradual seepage of dissolved silica through 
the bony cortex into the medullary space, where it precipitates 
as fine sand particles. 

Hypervitaminosis A is a well-recognized cause of periosteal 
reaction, often involving the bones of the extremities in chil- 
dren; in adults, it can induce spinal alterations resembling 
those of DISH. Similar alterations have recently been de- 
scribed in patients treated with vitamin A derivatives (retinoic 
acid) for severe skin disease [12]. The alterations of hypervi- 
taminosis A, often resulting from a diet of raw beef liver, have 
been reported in many different species of laboratory animals, 
and, specifically, paravertebral ossification has been de- 
scribed in cats [13]. 


Considering the multiple causes of paravertebral ossifica- 
tion that are seen in humans, we found that the observed 
osseous alterations in the saber-toothed cat most closely 
resemble the vertebral changes characteristic of two distinct 
disorders: inflammatory spondylopathy typified by ankylosing 
spondylitis and DISH. A third group included vertebral abnor- 
malities believed to be posttraumatic in origin, which could 
not be precisely related to a contemporary human condition. 
This unique form of paravertebral ossification may be related 
to direct trauma caused by penetration of the claws and fangs 
of other saber-toothed cats into the soft tissues overlying the 
spinous processes and facet joints. The saber-toothed cat is 
thought to have been a particularly aggressive animal, and 
intraspecies attacks have been documented by osseous de- 
fects in flat bones conforming to the cats’ fangs, as well as 
broken-off embedded tips of these fangs among skeletal 
remains from victimized saber-toothed cats [14]. Such trau- 
matic injuries must have become easily infected, and hence 
specimens with alterations suggestive of posttraumatic infec- 
tion were included in the trauma category. A fourth group 
was made up of specimens showing a combination of DISH- 
like and traumatic alterations, while a fifth group manifested 
findings of both inflammatory spondyloarthropathy and 
trauma. 

Our results suggest that DISH and inflammatory spondy- 
loarthropathy are diseases of prehistoric times and are not 
confined to humans. The radiographic and gross pathologic 
manifestations of these diseases have remained remarkably 
stable. 
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Case Report 





Popliteal Vein Thrombosis and Popliteal Artery 
Pseudoaneurysm Complicating Osteochondroma of the 


Femur 


Vincent A. Lizama,!? Michael A. Zerbini,! Raymond A. Gagliardi,’ and Lynn Howell? 


Pseudoaneurysm, particularly of the popliteal artery, is a 
well-documented complication of osteochondroma; at least 
26 cases have been reported in the English surgical [1] and 
radiologic [2] literature. This report describes such a pseu- 
doaneurysm arising secondary to an exostosis of the femur. 
In this instance, however, the patient’s signs and symptoms 
were related to associated popliteal vein thrombosis, to our 
knowledge a previously undescribed sequela of osteochon- 
droma. 


Case Report 


A young man (16 years old) had had painful swelling of his left 
thigh for 1 month. The pain had progressed to involve his calf. Onset 
of fever and chills and limitation of knee movement to the point of 
requiring crutches for ambulation had occurred recently. The patient 
denied a history of trauma, IV drug abuse, or coagulopathy. 

Physical examination revealed warmth, tenderness, and gross 
swelling of the calf and lower thigh. Homans’ sign was positive. Pedal 
pulses were normal. The clinical diagnosis was deep vein thrombosis. 

A radiograph of the left leg (Fig. 1A) showed a pedunculated 
exostosis arising from the distal femoral diaphysis. A venogram (Fig. 
1B) showed thrombus within the deep venous system, extending 
proximally to the level of the base of the osteochondroma. A second 
physical examination revealed a faintly pulsatile mass in the medial 
aspect of the left thigh and an associated bruit. Femoral arteriography 
(Fig. 1C) showed a large pseudoaneurysm of the popliteal artery 
closely related to the tip of the exostosis. 


Received April 28, 1986; accepted after revision October 17, 1986. 


A combined orthopedic and vascular surgical procedure was un- 
dertaken. A large clot within the pseudoaneurysm was evacuated, 
and control of the femoral vessels was obtained. A broad-based 
osteochondroma without extraperiosteal extension was resected. 
The tip of the sharply pointed exostosis had pierced the popliteal 
artery within the adductor canal. The involved segment of artery was 
excised and bypassed by using a saphenous vein graft. The femoral 
vein was ligated just above the level of the tumor because organiza- 
tion had occurred in the popliteal vein thrombus. In the ensuing 
weeks, the patient was able to resume normal activities. 


Discussion 


Clinically, an osteochondroma is typically an asymptomatic 
bony protruberance first noticed in childhood or adolescence. 
Signs and symptoms may arise due to a number of well- 
recognized complications, including malignant degeneration 
to chondrosarcoma and fracture through the tumor stalk. An 
unusual cause of symptoms is false aneurysm formation as 
a result of tumor penetration into an adjacent artery [3]. 

Pseudoaneurysms of this type almost invariably arise from 
the popliteal artery above the knee joint [2]. As in this in- 
stance, popliteal false aneurysm commonly is due to a spike- 
like, pedunculated tumor and thus may occur in the adductor 
canal where the artery is distant from the femoral shaft [1, 3- 
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Fig. 1.—A, Anteroposterior radiograph of left femur shows a 7-cm spikelike osteochondroma projecting cephalad from medial surface of distal diaphysis. 

B, Oblique/lateral view from venogram of left leg shows thrombus within dilated popliteal vein extending to level of osteochondroma. 

C, Oblique/lateral view from a left femoral arteriogram shows lobulated, opacified lumen (5-6 cm) of a false aneurysm. Faint hypervascularity is 
evidence of a 10-12 cm mass of surrounding thrombus. Note relationship of pseudoaneurysm to apparent level of venous obstruction in B. 


5]. Pseudoaneurysms associated with sessile osteochondro- 
mas occur in the popliteal fossa where the artery is closer to 
bone [2, 6]. 

Deep-vein thrombosis previously has not been observed in 
association with pseudoaneurysm of the popliteal artery sec- 
ondary to osteochondroma [1-6]. Two of three conditions 
recognized by Virchow as predisposing to venous thrombosis 
were likely operative in this instance, namely, disturbances of 
blood flow and alterations in the vessel wall [7]. The popliteal 
vein (Fig. 1B) appears to be compressed between the exos- 
tosis posteriorly and the pseudoaneurysm anteromedially 
(Fig. 1C), a potential cause of stasis and turbulence of blood 
flow. The exostosis, pseudoaneurysm, or both may have 
caused mechanical trauma to the venous endothelium. 

The exostosis-related false aneurysm of this case is un- 
usual because its presentation was related not to arterial 
disease itself but to concomitant venous thrombosis. The 
presence of deep-vein thrombosis that appears to be caused 


by an osteochondroma should alert the radiologist to exclude 
the possibility of associated arterial pseudoaneurysm. 


REFERENCES 


1. Shah PJR. Aneurysm of the popliteal artery secondary to trauma from an 
osteochondroma of the femur: a case report and review of literature. Br J 
Surg 1978;65: 786-788 

2. Greenway G, Resnick D, Bookstein JJ. Popliteal pseudoaneurysm as a 
complication of adjacent osteochondroma: angiographic diagnosis. AJR 
1979; 132:294-296 

3. Wilner D. Osteochondroma. In: Radiology of bone tumors and allied 
disorders. Philadelphia: Saunders, 1981:271-386 

4. Hasselgren PO, Ericksson B, Lukes P, Seeman T. False popliteal aneurysm 
caused by exostosis of the femur. J Cardiovasc Surg 1983;24:540-542 

5. Solhaugh JR, Olerud SE. Pseudoaneurysm of the femoral artery caused 
by osteochondroma of the femur. J Bone Joint Surg [Br] 1975;57:867- 
868 

6. Manner R, Makinen E. Angiographic findings in false popliteal aneurysm 
due to osteochondroma of the femur. Pediatr Radiol 1975:3:244-246 

7. Robbins SL. Pathologic basis of disease. Philadelphia: Saunders, 
1979: 326-334 





Bonnie D. Flannigan':* 
Robert B. Lufkin’ 
Charles McGlade' 
James Winter’ 

Ulrich Batzdorf? 
Gabriel Wilson’ 
Wolfgang Rauschning* 
William G. Bradley, Jr.° 


This article appears in the January/February 
1987 issue of AJNR and the April 1987 issue of 
AJR. 


Received December 19, 1985; accepted after 
revision July 10, 1986. 


1 Department of Radiological Sciences, UCLA 
Medical Center, Los Angeles, CA 90024. Address 
reprint requests to B. D. Flannigan. 


? Present address: Valley Presbyterian Hospital, 
15107 Vanowen St., Van Nuys, CA 91405. 


3 Department of Neurosurgery, UCLA Medical 
Center, Los Angeles, CA 90024. 


* Department of Orthopedics, University Hospi- 
tal, Uppsala, Sweden. 


5 NMR Imaging of the Laboratory, Huntington 
Medical Research Institutes, Pasadena, CA 91109. 


AJR 148:785-790, April 1987 
0361-803X/87/1484-0785 
© American Roentgen Ray Society 





785 


MR Imaging of the Cervical 


Spine: Neurovascular Anatomy 





High-resolution surface-coil MR imaging reveals intricate anatomic detail of the 
cervical spinal canal and its neurovascular contents. Appreciation of the normal neuro- 
vascular anatomy provides a scientific foundation for the detection of disease. Sagittal, 
axial, and oblique MR images of normal subjects were correlated with comparable 
anatomic sections obtained with a cryomicrotome whole-organ sectioning technique. 
The anterior epidural venous plexus is a prominent structure in the cervical spinal canal 
and was consistently identified both with cryomicrotomy and with MR in sagittal and 
axial planes. Epidural veins can be displaced and distorted in patients with cervical disk 
disease. Nerve roots including dorsal and ventral rootlets were consistently identified 
on axial images coursing through the subarachnoid space. Oblique-plane imaging 
showed nerve roots “en face” in their respective foramina; this may be a useful imaging 
technique in the diagnosis of nerve root impingement. 


This study was undertaken to define normal anatomic structures within the 
cervical spinal canal using MR, with particular attention to the cervical epidural 
veins and the cervical nerve roots. Abnormal anatomy can only be detected in 
comparison to normal anatomy. High-resolution MR images obtained in sagittal, 
axial, and oblique planes were correlated with corresponding anatomic sections 
obtained with a cryomicrotome whole-organ sectioning technique. 

The anterior epidural cervical venous plexus is a prominent structure previously 
well-identified with bolus intravenous contrast CT studies. It was consistently 
identified on parasagittal images and also on axial images in the anterolateral 
recesses of the spinal canal on T1-weighted MR images. Its normal appearance 
should be appreciated, since distortion of this extensive venous network can occur 
in patients with cervical disk disease. 

Axial imaging allows identification of both the ventral and dorsal nerve roots 
individually as they course through the subarachnoid space. Significant neural 
foraminal disease may be difficult to identify in the axial and sagittal plane, making 
MR somewhat controversial as an imaging technique in the patient with an isolated 
radiculopathy. Electronically activated oblique-plane imaging was used to show the 
nerve roots in their respective neural foramina. This may be a useful method for 
evaluating patients with radiculopathy. 


Materials and Methods 


Cervical spine examinations were performed on 30 volunteers using a flexible neck coil 
and a 0.3 T permanent magnet imaging system (Fonar B-3000, Melville, NY). The vertical 
orientation of the axis of the main magnetic field allowed the use of a solenoidal (circumfer- 
ential) neck coil. Multislice imaging was performed in the axial, sagittal, and oblique planes 
using a spin-echo, multislice pulse sequence. Electronically activated oblique-plane imaging 
was performed by using an axial scout image and placing line cursors perpendicular to one 
neural foramen and parallel to the opposite foramen (see Fig. 6A). This enabled us to obtain 
images of the nerve roots on one side “en face” comparable to a 45° oblique plain radiograph, 
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Fig. 1.—A, Anatomic drawing of epidural venous plexus in anteropos- 
terior projection. 

B, Anatomic drawing of epidural venous plexus in sagittal plane. 

C, Corresponding parasagittal cryosection shows anterior epidural veins 
(open arrow) and dura mater (closed arrow). 


and on the opposite side in a plane parallel to the root itself in an 
oblique coronal plane. 

T1-weighted image parameters were used for the purpose of 
anatomic demonstration (SE 500/28). Four averages were used with 
a matrix of 256 x 256. A “zoom” mode with a field of view of 19.2 
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D, E, Parasagittal MR (SE 500/28) shows segmented longitudinal band 
of increased signal intensity (arrows) behind vertebral bodies, particularly 
prominent behind dens and extending caudally. 

F, Parasagittal cryosection at level of dens shows huge venous sinus 


posterior to dens (open arrows) and lateral aspect of body of C2 (closed 
arrow). 


cm decreased the pixel size to 0.75 mm°. Slice thickness varied from 
3-5 mm, with a 2-mm interslice gap. Imaging time for each T1- 
weighted sequence was 8 min. 

The MR images were compared with whole-organ section photo- 
graphs obtained at comparable levels from two cadavers using the 
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Fig. 2.—A, Anatomic transverse de- 
piction of venous anatomy. 

B, Axial cryosection through pedi- 
cles of C5 shows prominent venous 
sinusoids (arrows) in anterolateral re- 
cesses of spinal canal and surrounding 
the dural sac. 

C, Axial CT through C5-C6 with in- 
travenous bolus IV infusion shows ve- 
nous sinusoids (arrows). 

D, Axial MR (TR = 500, TE = 28). 
Increased intensity (arrows) corre- 
sponds to venous structures. 
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cryomicrotome whole-organ sectioning technique [1] in the axial, 
sagittal, and oblique planes. 

MR images of 10 patients with a diagnosis of acute cervical disk 
herniation were retrospectively reviewed for signs of anatomic distor- 
tion. Surgical follow-up was obtained in each case. Eight of these 
patients had had additional studies before surgery that confirmed 
disk herniation, including X-ray CT, X-ray CT with intravenous con- 
trast, and myelography and postmyelography CT. 


Results 
Cervical Epidural Venous Plexus 


Examination of sagittal and parasagittal anatomic sections 
revealed a prominent venous sinusoidal plexus in the anterior 
epidural space. This plexus is particularly prominent at the 
level of C2. The epidural venous system consists of medial 
and lateral longitudinal channels located in the anterolateral 
portion of the epidural space. These two channels are con- 
nected behind each vertebral body by retrocorporeal veins 
(like rungs on a ladder) that communicate with the basiverte- 
bral venous system. The longitudinal channels communicate 
with a foraminal venous plexus that extends anteriorly to 
surround the vertebral artery on each side. This system is an 
intricate latticelike network composed of slowly flowing blood 
(Fig. 1A-C). It corresponds to the segmented, longitudinal 
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band of increased intensity frequently identified on parasag- 
ittal T1-weighted MR images (Fig. 1D, E). This band is partic- 
ularly prominent behind the body of C2 seen on cryosection 
and MR (Fig. 1E, F). The increased intensity is representative 
of slow-to-stagnant venous flow (microscopic flow within the 
venous sinusoidal channels). Venous anatomy is also recog- 
nized on axial MR images (Fig. 2). This anatomy has previ- 
ously been described with contrast-enhanced CT scanning 
[2]. The high intensity located in the anterolateral aspect of 
the spinal canal represents slowly flowing or stagnant venous 
blood within the longitudinal venous channels. Anatomic sec- 
tions revealed little or no fat in this region. 

All 10 patients with the proven acute cervical disk hernia- 
tions demonstrated high-intensity protruding disk material and 
posterior displacement of a high-intensity band (the epidural 
veins) on the sagittal MR images. This vertically oriented band 
was lifted posteriorly by high-intensity disk material (Figs. 3A, 
4A). 

Ligamentous structures of the cervical spine include the 
posterior longitudinal ligament that extends cephalad to 
merge into the tectorial membrane and dura mater. Anterior 
to this, just behind the dens, are the inferior and superior 
cruciate ligaments that merge to form the transverse ligament. 
These ligaments, owing to their fibrous nature, theoretically 
should show decreased MR signal and thus are not routinely 
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Fig. 3.—A, Sagittal MR (SE 500/28) shows acutely herniated disk at C5-C6 as high- 
intensity material (solid arrow) lifting a vertical band from posterior aspect of vertebral 
bodies above and below disk level and effacing cord. Subdental synchondrosis (open 
arrow). 

B, Corresponding bolus-infusion CT scan shows displaced epidural venous struc- 
tures (arrow). 





A B 
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Fig. 4.—A, In another patient, a central herniated disk with 
displacement of epidural vein is identified at C5-C6 (open arrow) 
(SE 500/28). Incidentally noted is a neurofibroma at C3 (solid 
arrow). 

B, Central disk herniation is present at C5-C6 (arrow) (SE 500/ 
28). 





Fig. 5.—A, Axial MR (SE 500/28) shows ventral and dorsal nerve roots in subarachnoid space (arrow, left dorsal root). 


B, Corresponding cryosection (arrow, left dorsal root). 


C, Axial MR (SE 500/28) at C5-C6 level shows left ventral and dorsal nerve roots (arrows). 


visualized. Over 90% of patients demonstrated a synchon- 
drosis at the base of the dens (subdental synchondrosis) (Fig. 
3A). This is an important normal structure to appreciate, 
especially in cases of trauma. 


Cervical Nerve Roots 


Ventral and dorsal nerve roots were frequently (75%) iden- 
tified on axial images (Fig. 5). With thinner slices, nerve roots 
were more often identified coursing through the subarachnoid 
space. The dorsal root ganglia were not consistently identified 
with axial imaging (3-mm and 5-mm slices). Nerve roots within 


their foramina are sometimes seen with sagittal imaging; 
however, oblique-plane imaging allows optimal visualization 
of the nerve roots “en face” and also in a coronal oblique 
plane (Fig. 6). Higher intensity fat and foraminal venous sinus- 
oids surround the lower-intensity nerve root sheaths that are 
in the inferior portion of their respective foramina on cryomi- 
crotome sections [3]. With MR, each foramen is outlined by 
a dark line corresponding to the compact cortical bone of the 
inferior pedicle cortex superiorly, the superior pedicle cortex 
inferiorly, the posterior cortical bone of the vertebral bodies 
anteriorly, and the cortical bone of the posterior elements 
posteriorly. 
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Fig. 6.—A, Axial scout view for oblique plane imaging 
with cursor line placement perpendicular to left neural 
foramen. 

B, Oblique plane imaging shows combined dorsal and 
ventral nerve roots “en face” in respective neural fora- 
men (arrow) (SE 500/28). Foramen is well outlined by a 
black line representing cortical bone of pedicles poste- 
rior elements and posterior aspect of vertebral bodies. 

C, Corresponding oblique plane cryosection shows 
dorsal nerve root (solid arrow) and smaller ventral nerve 
root (open arrow) in inferior portion of foramen. 

D, Oblique coronal MR (SE 500/28) shows exiting 
right nerve roots coursing into their respective formina 
(arrows). 

E, Corresponding oblique coronal cryosection shows 
right nerve roots coursing into their respective formina 
(solid arrows) and dorsal root ganglion (open arrow). 


Discussion 


Cervical spinal nerves (including differentiation of ventral 
and dorsal roots) are now identified with high-resolution thin- 
slice MR imaging. Oblique-plane imaging best displays nerve 
roots “en face” within their respective foramina. This may be 
a useful scanning technique for patients with a radiculopathy. 
With thinner slice capabilities, bony foraminal disease may be 
diagnosed with MR. Identification of individual nerve roots in 
the axial plane and of nerve roots “en face” is indicative of 
the great potential high-resolution MR has for diagnosing 
foraminal disease in the patient with radiculopathy [1]. 

The anatomy of the anterior epidural venous plexus has 
been previously well defined with infusion CT scanning, and 
displacement of these veins is often seen on X-ray CT with 
cervical disk herniations. Our experience suggests similar 
findings with MR, as seen in the 10 cases of acute cervical 
disk herniation (“lifted band appearance”). The high intensity 
of the venous plexus on T1-weighted images is related to the 








slow sinusoidal flow (less than 1 cm/sec). The anatomic 
information available from MR imaging correlated 100% with 
CT myelography (metrizamide or infusion) in eight patients 
with acute disk herniations. This suggests a potential for 
obviating metrizamide studies in the future. 

With advanced technology and increased spatial resolution 
[4-10], increasingly detailed morphologic structure will be 
revealed with MR. Appreciation of this will be useful in de- 
tecting and diagnosing disease. 
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MR Imaging of Intracranial 
Tuberous Sclerosis 





The role of MR in evaluating tuberous sclerosis is reviewed in 15 patients. These 
studies were compared with CT scans, which were available in 14 patients. Four 
characteristic findings were noted on the MR images obtained. Subependymal nodules 
projecting into the lateral ventricles were seen in 12 of 15 patients on T1-weighted 
images. This was the most specific finding. Distortion of the normal cortical architecture 
was seen in 10 of 11 patients in whom T1-weighted images were obtained using a 256 
x 256 matrix. These foci corresponded to multiple cortical areas of increased signal on 
T2-weighted images. Dilated ventricles were seen in five patients. In one patient, a 
known astrocytoma showed increased signal on the T2-weighted images, allowing 
differentiation from a benign subependymal nodule. MR depicted the cortical hamarto- 
mas more completely than did CT. The MR scans were abnormal in all cases, and a 
diagnosis could be confidently made in all 11 cases scanned using a 256 256 matrix. 
Our preliminary experience suggests that MR will at least equal and probably exceed 
CT, both for sensitivity and specificity, given the use of a 256 x 256 matrix. 


Tuberous sclerosis (TS) was first described by von Recklinghausen in 1862 [1]. 
In 1880, Bourneville described the neurologic and gross pathologic findings, and 
coined the term “tuberous sclerosis of the cerebral convolutions” [1]. It wasn’t until 
1908, when Heinrich Vogt recognized the association of the facial adenoma 
sebaceum and the cerebral lesions described by Bourneville, that the diagnosis of 
TS was made during a patient's life (later confirmed by autopsy) [1]. 

For many years, the radiographic diagnosis of cerebral lesions in TS relied on 
plain-film radiography of the skull or pneumoencephalography. CT was a vast 
improvement, showing intracranial abnormalities in 87% of patients [2]. The clinical 
importance of diagnosis in these patients is threefold: first, it ends the need for 
further intensive work-up to diagnose the cause of a seizure disorder; second, it 
establishes the need to closely follow the patient, since characteristic subependy- 
mal lesions are Known to undergo degeneration to malignant giant cell astrocytoma; 
and third, it suggests the desirability of genetic counseling, given the dominant 
inheritance factor of this disease. 

MR has been shown to be more sensitive than CT in detecting many disease 
entities. In addition, it does not require intravenous contrast agents and is therefore 
less invasive than CT. To investigate the possibility that MR would be useful in 
evaluating patients with TS and to define the characteristic MR findings and role 
of MR in the evaluation and follow-up of patients with TS, we undertook a 
retrospective study of patients with TS imaged by MR. 


Subjects and Methods 


The MR scans of 15 patients (8 male and 7 female) with the clinical diagnosis of TS were 
reviewed. The youngest patient was 3 months old; the oldest was 17 years old. In 14 patients 
the MR images were acquired using a 0.35-T superconducting magnet. The images from one 
patient were obtained with a 0.5-T superconducting magnet. The images were acquired using 
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a spin-echo (SE), multislice, multiecho technique [T1-weighted im- 
ages: TR, 500-566 msec; echo time (TE), 28-40 msec; T2-weighted 
images: TR, 1500-2233 msec, TE 60-80 msec]. In 14 patients T1- 
weighted sequences were obtained. T2-weighted sequences were 
obtained in all 15 patients. The slice thickness was 10 mm. The MR 
images for the first four patients were obtained using a 256 x 128 
matrix. A 256 x 256 matrix was used for the last 11 patients. CT 
scans were available for 14 of the 15 patients. 

The studies were retrospectively reviewed with specific attention 
to presence and number of subependymal and cortical lesions; ability 
to detect calcification, or alteration of signal intensity indicating malig- 
nancy within the lesion; cortical architecture; and ventricular size. The 
signal intensity of both subependymal and parenchymal lesions was 
measured, as well as that of normal gray and white matter. In addition, 
a region of interest was drawn for both subependymal and parenchy- 
mal nodules as well as for that of the normal gray and white matter. 
T1 and T2 relaxation times were calculated when technically possible. 
This was done for nine patients. The calculation of T1 and T2 
relaxation times using this imaging system has been described [3]. 


Results 


There were four characteristic findings seen in our patients 
with TS. The first and most specific finding, multiple subep- 
endymal nodules, was best appreciated on short TR images 
and was seen in 12 of the 15 patients (Figs. 1 and 2). The 
nodules were seen in all 11 patients in whom scans were 
acquired using a 256 x 256 matrix, but in only one of three 
patients in whom a 256 x 128 matrix was used. The subep- 
endymal nodules were difficult to detect on the long TR 
images (Fig. 1), where they were relatively isointense when 
compared with gray matter. The T1 relaxation time of these 
subependymal nodules tended to be between those of gray 
and white matter. In most cases there was slight prolongation 
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of the T2 relaxation time in these nodules (up to 15%) 
compared with gray matter (Table 1). As one would expect, 
the presence of calcification in these nodules usually was not 
detected; however, this did not hamper the detection of the 
nodules with MR, when compared with CT (Table 2). In one 
patient, a large, very intense subependymal nodule was ob- 
served to be distinctly different from the other subependymal 
nodules (see Fig. 4). This high intensity was due to a markedly 
prolonged T2 (Table 1), and the lesion proved to be a gemis- 
tocytic astrocytoma at surgery. 

The second characteristic finding in our patients was the 
presence of multiple cortical and subcortical foci of increased 
signal intensity seen on T2-weighted images. These cortical 
tubers represented the most sensitive finding, being seen in 
all 15 patients (Figs. 1-4). Some patients had only three or 
four such cortical foci; however, most had numerous (more 
than eight) ill-defined foci that were difficult to separate from 
one another and therefore could not be precisely quantitated. 
Many of these lesions, easily seen on T2-weighted MR im- 
ages, could not be detected even retrospectively on the 
corresponding CT images. One such cortical focus in a 
3-month-old male was biopsied. The lesion proved to be a 
hamartoma consistent with TS. 


TABLE 1: Relaxation Times 
LL ee eee Se SS es SE 


Lesion ban a T1 (msec) T2 (msec) 
Subependymal nodule 7 537 + 96 68 +9 
Subependymal astrocytoma 2 1434+ 33 121+5 
Cortical nodule 10 957+110 702413 
Normal cortical gray matter 9 848 + 91 09 13 
Normal white matter 9 487 + 26 66 + 71 





Fig. 1.—A, SE 500/30, 256 x 256 matrix. 
Transaxial image shows subependymal nodules 
projecting into lumen of lateral ventricles. 

B, SE 2000/60, 256 x 256 matrix. Transaxial 
image using long TR at same level as in A fails 
to show subependymal nodules. Several cortical 
and subcortical foci of increased signal are seen 
(arrows). 
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Fig. 2.—A, SE 500/30, 256 x 256 matrix. Transaxial image shows 
enlarged lateral ventricles with subependymal nodules (white arrows) and 
cortical architecture disruption (black arrows). 

B, C, D, SE 200/60, 256 x 256 matrix. Transaxial images show multiple 
cortical foci of increased signal intensity. 


Distortion of the normal cortical architecture was the third 
characteristic finding in our patients, and could be appreciated 
on T1-weighted images in 10 of the 11 patients scanned using 
a 256 x 256 matrix (Fig. 3). In none of the three patients 
scanned using a 256 x 128 matrix could this feature be seen. 
These areas of disrupted cortical architecture corresponded 
to foci of increased signal on T2-weighted images (Fig. 3). 

The fourth characteristic finding, dilated ventricles, was 
seen in five patients. One had a gemistocytic astrocytoma at 
the foramen of Monro (Fig. 4). The other four were not 
associated with an obstructing lesion and were presumably 
secondary to dysplasia. 

We compared high-resolution 256 x 256 matrix images 
obtained in 11 patients with low-resolution 256 x 128 matrix 


Ee ee ee 
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E, Unenhanced transaxial CT image shows multiple calcified subepen- 
dymal nodules and large calcified cortical lesion. 

F, Unenhanced transaxial CT scan at same level as A shows calcified 
subependymal nodules (arrows) and large calcified cortical lesion that 
corresponds to area of cortical architecture disruption seen in A. 


TABLE 2: Comparison of MR (256 x 256 Matrix) with CT in 
Eight Patients with Tuberous Sclerosis 





Location of Pathology 


Cortical/Subcortical Subependymal 





MR detected a greater 
number of lesions than 





CT 7 cases 3 cases 
MR detected the same 

number of lesions as 

CT 1 case 2 cases 
CT detected a greater 

number of lesions than 

MR None 3 cases 

Total 8 cases 8 cases 





ee 


794 McMURDO ET AL. 


AJR: 148, April 1987 





Fig. 3.—A, Gross anatomic specimen from a patient with tuberous 
sclerosis shows multiple subependymal nodules. There is a large cortical 
tuber posteriorly on left (arrows) that disrupts normal cortical architecture. 
This contrasts with normal cortical architecture in left frontal lobe with 
normal gray-white differentiation. (Reproduced with permission. From Rea- 
gan TJ, Neuropathology. In: Gomez MR, ed. Tuberous sclerosis. New York: 
Raven Press, 1979: p. 73.) 





images obtained in four patients. It was possible io make a 
specific diagnosis of TS in only two of the four patients 
scanned using a 256 x 128 matrix; however, on the basis of 
the constellation of features described above, a specific di- 
agnosis was possible in all 11 patients scanned using a 256 
x 256 matrix. 


There were eight patients in our series in whom both a 
high-resolution (256 x 256) matrix MR scan and a CT scan 
were obtained within 5 months of each other. These were 
compared and the results are summarized (Table 2). MR 


B, SE 500/30, 256 x 256 matrix. Transaxial image from a different 
patient than in A looks quite similar. There is disruption of normal cortical 
architecture posteriorly on left (arrows). Also shown are subependymal 
nodules. 

C, SE 1500/60, long TR image at same level as B. Large focus of 
increased signal (arrow) corresponds to region of disrupted cortical archi- 
tecture in B. 


Fig. 4.—A and B, SE 2000/60. Transaxial im- 
ages in this patient with tuberous sclerosis and 
a gemistocytic astrocytoma show tumor to be 
extremely intense. Multiple cortical foci of in- 
creased signal are seen (arrows). 


demonstrated a greater number of cortical and subcortical 
lesions in seven of the eight cases. There were no patients in 
whom CT demonstrated more cortical or subcortical lesions 
than MR. MR was found to be equal to CT in the detection 
of subependymal nodules. 


Discussion 


Prior to the development of CT, patients with TS were 
evaluated radiographically by plain skull radiography and 
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Fig. 5.—32-year-old clinically normal woman, with normal CT scan, and her daughter, who has tuberous sclerosis. 
A-C, SE 2000/56, 256 x 128 matrix. Transaxial images at three levels show three areas of increased signal in cortex (arrows). 


pneumoencephalography. CT offered a highly sensitive, non- 
invasive technique with which to screen these patients, and 
it has become the “gold standard” [4-8]. CT demonstrates 
calcified subependymal nodules well, and allows one to easily 
make the correct diagnosis; but in many patients, it fails to 
demonstrate hemispheric lesions in spite of the presumed 
presence of such lesions in most of these patients. As shown 
in Table 2, MR is more sensitive than CT in demonstrating 
hemispheric lesions. Exactly what these cortical and subcor- 
tical areas of increased signal seen on MR correspond to 
pathologically is not yet entirely clear, although there is path- 
ologic correlation in one 3-month-old male in whom a cortical 
lesion was biopsied. This proved to be a cortical hamartoma 
consistent with TS. Figure 3 shows the striking similarity 
between the MR examination of one of our patients and the 
gross anatomic specimen of another patient with TS and a 
large cortical tuber. This correlation suggests that at least 
some, if not all, of the cortical and subcortical abnormalities 
detected by MR do in fact represent tubers. 

However, demyelination has been described in patients 
with TS [9] and may account for some of the foci of high 
signal seen on the long TR sequences. Further proof will be 
difficult to obtain until the brain of a patient with TS who has 
had a premortem MR scan becomes available for pathologic 
examination and correlation. 

Pathologically, the hemispheric lesions are similar to the 
subependymal nodules, although some controversy exists in 
the pathology literature [10, 11]. If the lesions are in fact 
identical (and noncalcified), one would expect the MR signal 
characteristics to be the same. That is not the case. The 
cortical and subcortical lesions tend to be considerably more 
intense on the long TR images than the subependymal nod- 


ules (presumably due to increased water content in the hem- 
ispheric lesions), lending support to the view that the lesions 
are not identical in composition. Alternatively, a partial volume 
effect from the adjacent CSF that surrounds these small 
nodules as they project into the lumen of the lateral ventricles 
could explain the lower signal intensity seen in the subepen- 
dymal nodules (CSF returns signal equal to or less than that 
from gray matter when patients are imaged on our magnet 
with a TR of 2.0 sec or less). 

Patients with TS have a propensity to develop tumors, 
most commonly giant cell astrocytomas at the foramen of 
Monro [8, 12, 13]. Some advocate routine CT scans every 
2-3 years to detect the development of these tumors (and 
resultant hydrocephalus) as early as possible [8]. Contrast 
enhancement of a lesion on CT is the primary criterion used 
to distinguish a tumor from a benign subependymal nodule. 
We imaged one patient with a tumor at the foramen of Monro 
that was very intense on long TR images (Fig. 4). A possible 
explanation involves the breakdown of the blood-brain barrier. 
This allows contrast enhancement on CT, and should there- 
fore allow the accumulation of water in the lesion. The in- 
creased water content of the lesion would result in an intense 
signal of the long TR images, distinctly different from the 
relatively isointense benign subependymal nodule. A larger 
series of TS patients with tumors, particularly giant cell astro- 
cytomas, will need to be imaged using MR to investigate the 
potential for MR in the differentiation of tumor from benign 
nodules. The common complication of these tumors, hydro- 
cephalus due to obstruction of the foramina of Monro, should 
be easily differentiated from dysplastic dilated ventricles by 
the presence of periventricular intense signal due to the 
transependymal flow of CSF in the former. 
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There were numerous calcified lesions, both cortical and 
subependymal, as verified by CT in our patients. These cal- 
cifications must be present in order to diagnose TS by CT. 
Fortunately, CT is extremely sensitive to small calcifications 
and it is not difficult to demonstrate these lesions. MR, on the 
other hand, has been shown to be extremely poor for the 
demonstration of calcifications [14]. However, the inability ito 
detect these calcifications by MR in no way hampered our 
ability to make the correct diagnosis of TS. The greater 
number of lesions detected in most patients with the charac- 
teristic pattern allowed us to make the correct diagnosis with 
confidence. E | 

Because of the superior sensitivity and lack of ionizing 
radiation, MR should be valuable for screening normal family 
members of patients with TS to detect the presence of the 
unexpressed TS gene for proper genetic counseling. In addi- 
tion to the 15 patients in our series, we reviewed the MR and 
CT scans of a 34-year-old clinically normal mother of a child 
with TS. The CT scan showed no evidence of TS, but the 
MR scan showed three distinct areas of increased signal :in 
the cortex (Fig. 5). Presumably this represents a “forme 
fruste” case of TS. The inability to detect such subclinical 
cases prior to the development of MR may partly account for 
the 50-80% incidence of sporadic cases of TS reported in 
the literature [6, 11]. The true incidence of sporadic cases 
may be much lower. It has been advocated that family mem- 
bers of patients with TS be imaged by CT for genetic coun- 
seling purposes [15, 16]. In view of the demonstrated superior 
sensitivity, MR should become the screening imaging tech- 
nique of choice for genetic counseling. 

In summary, we feel that presence of the four characteristic 
MR findings—(1) multiple subependymal nodules; (2) multiple 
cortical and subcortical areas of high signal intensity on long 
TR sequences; (3) disruption of the cortical architecture; and 
(4) dilated ventricles—is virtually pathognomonic for the MR 
diagnosis of TS. Our preliminary experience suggests that 
MR will at least equal and probably exceed CT, both for 
sensitivity and specificity, given use of a 256 x 256 matrix. 
In view of the lack of ionizing radiation, MR may be the 
preferred method for following these patients and for evalu- 
ating family members for genetic counseling. 
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MR Imaging of Pituitary 
Adenoma: CT, Clinical, and 
Surgical Correlation 





Twenty-five patients with suspected pituitary adenoma were evaluated prospectively 
with CT and MR. Nine patients underwent transsphenoidal surgery, and three of these 
showed a documented decrease in size of mass on bromocriptine therapy. CT was more 
sensitive than MR for detecting focal lesions (seven vs three) and sellar-floor erosion 
(12 vs six). MR was superior to CT in identifying infundibular abnormalities (seven vs 
six), focal abnormalities of the diaphragma sellae (10 vs seven), cavernous sinus 
invasion (four vs two), and optic chiasm compression (six vs zero). Thus, MR may be 
the procedure of choice for optimal identification and localization of macroadenoma. 
For patients with suspected microadenoma, however, this preliminary series indicates 
that CT remains the radiographic procedure of choice. 


CT is currently the accepted radiographic technique for evaluating patients with 
suspected pituitary adenoma. Macroadenomas are readily identified with CT; 
however, identifying microadenomas with this technique may be difficult. The 
classic appearance of microadenoma on contrast CT is that of a discrete focal 
hypodense lesion measuring less than 10 mm in diameter with or without associated 
elevation of the diaphragma sellae, infundibulum displacement, and sellar-floor 
erosion [1, 2]; however, microadenomas may reveal few or no abnormalities on CT 
[3, 4]. 

MR is likewise useful in evaluating macroadenomas [5-8] while its value. in 
identifying microadenomas is unproven [9]. This prospective study compares. the 
roles of MR and CT in evaluating patients suspected of harboring a pituitary 
adenoma. The accuracy of both imaging techniques were subsequently compared 
with surgical results. | 


Materials and Methods 


From November 1984 to September 1985, 41 patients were referred for radiographic 
evaluation for clinically and endocrinologically suspected pituitary adenoma. An attempt was 
made to evaluate all patients with both CT and MR; however, six studies were incomplete. 
Five patients had had prior transsphenoidal surgery or radiation therapy, and five had other 
diagnoses, leaving 25 patients for evaluation in this study. This group included 16 patients 
with elevated prolactin (PRL), with a mean prolactin of 817 ng/ml (range 64 to 6000 ng/ml). 
Four had increased adrenocorticotropic hormone (ACTH), of whom two had ACTH levels 
greater than 600 ng/m! and two had abnormal dexamethasone tests. One patient had 
elevated growth hormone (GH 16.6 ng/ml), and four had symptoms of hypopituitarism and/ 
or optic chiasm compression. The group included 18 women and seven men, ranging in age 
from 19 to 64 years old. 

All patients were evaluated with high-resolution CT scanning and intravenous contrast 
administration. After a lateral scout view, scanning was completed immediately after a bolus 
of 100 mi of 60% intravenous contrast (28.2 g J}, followed by a drip infusion of 30% contrast 
(42.3 g |) during the rest of the study. Dynamic scans were not performed. Twenty-three 
patients had direct coronal images with 1.5- to 3-mm collimation, and two patients with 
macroadenomas only had axial studies with 3- to 5-mm collimation. 
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MR studies were acquired with a 1.5 T superconducting system 
(Philips) operating at 0.5 T. All images were acquired and displayed 
with a 256 x 256 matrix. T1-weighted sequences were performed 
with a spin-echo technique using a TR of 500 to 600 msec and TE 
of 30 and 60, or 50 and 100 msec. initially, contiguous 5.0-mm 
coronal images were obtained (four excitations, 0-1-mm tissue gap); 
subsequently, 2.0-mm volume acquisitions were obtained (14 pa- 
tients). One patient had a technically suboptimal T1-weighted se- 
quence due to motion. For comparison purposes, the first-echo study 
(TE 30 or 50) was considered the T1-weighted image. T2-weighted 
sequences were obtained with a spin-echo technique using a TR:of 
1500 to 2000 msec, TE of 30 and 60, or 50 and 100 msec, and 5.0- 
mm contiguous coronal images (two excitations, 0-1-mm tissue gap). 
Five T2-weighted sequences were unsuccessful because of patient 
motion or equipment malfunction. For comparison purposes, the 
second-echo study (TE 60 or 100 msec) was considered the T2- 
weighted image. 

CT and MR images were independently and blindly evaluated. CT 
parameters evaluated included height of intrasellar contents, status 
of the sellar floor, presence of a focal lesion, configuration of the 
diaphragma sellae, infundibulum position, cavernous sinus invasion, 
and optic chiasm compression. Cavernous sinus invasion on CT was 
suspected when the lateral margin of the cavernous sinus bowed 
outward or was grossly asymmetrical. MR parameters evaluated 
included height of intrasellar contents, cavernous sinus invasion, 
position of the infundibulum, diaphragma sellae configuration, optic 
chiasm compression, sellar-floor erosion, and presence of a focal 
lesion. The intensity of the intrasellar contents with MR was compared 
with that of the adjacent cortex. By MR, cavernous sinus invasion 


TABLE 1: MR vs CT for Suspected Pituitary Adenoma 
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was suspected on the basis of displacement of the lateral margin of 
the cavernous sinus, displacement of the cavernous internal carotid 
artery, or a change in intensity pattern of the cavernous sinus tissue 
to one similar to the adjacent sellar mass [10]. 

Nine patients underwent surgical evaluation using a transsphe- 
noidal approach. Operative and histologic results were noted. Three 
additional patients with hyperprolactinemia had a documented de- 
crease in size of intrasellar mass on bromocriptine therapy. 


Results 


A comparison of MR and CT findings in all patients studied 
is given in Table 1. As shown by Wiener et al. [11], MR and 
CT were generally in agreement for height of intrasellar con- 
tents; thus, this criterion was used somewhat artificially to 
divide the nonoperated patients into micro- and macroade- 
noma categories. 

In this series, 17 patients were suspected of having micro- 
adenoma (six with transsphenoidal exploration for suspected 
microadenoma, and 11 with a height of intrasellar contents of 
less than or equal to 10 mm). In the surgically evaluated 
microadenoma group (six patients), CT abnormalities were 
identified in three patients (Table 2). Focal lesions were noted 
in two cases and sSellar-floor erosion in one case. A generally 
convex diaphragma sellae, with a gland height less than 10 
mm (three cases) was considered normal [12]. One focal 
lesion seen with CT was not identified with MR, and was 





Sellar- ; Diaphragma Cavernous Optic 
peas Floor P ea Sellae Sinus Chiasm 
Erosion y Abnormality Invasion Compression 
MR CT? MR CT MR CT MR CT MR CT MR CT 
Microadenoma:> 
PRL (n = 13) 3 6 1 4 3 2 2 0 —_— — — — 
ACTH {n = 4) 0 0 0 0 0 0 1 0 — — — — 
Macroadenoma: 
PRL (n = 3) 0 0 1 3 2 2 3 3 1 0 2 0 
GH (n = 1) 0 0 1 1 0 0 0 0 1 1 0 0 
Nonfunctioning (n = 4) 0 1 3 4 2 2 4 4 2 1 4 0 
Total (n = 25) 3 7 6 12 7 6 10 7 4 2 6 0 
342 patients with suspected microadenoma had normal MR and 10 others had normal CT images. 
® One focal lesion on CT was opposite the microadenoma at surgery. 
TABLE 2: Proven? Pituitary Adenomas: MR and CT Findings 
i Sellar- Sp Diaphragma Cavernous? Optic? 
oe Floor peed ere Sellae Sinus Chiasm 
Erosion oe Abnormality Invasion Compression 
MR ct’ MR CT My CT MR CT MR CT MR CT. 
Microadenoma 
— (n=4) 1 2 0 1 1 1 1 0 — sil ia ua 
Macroadenoma . 
(n = 6) 0 0 4 6 4. 4 5 5 3 2 3 0 


i 





® Proof based on surgery or decreased mass on bromocriptine therapy. Two patients explored for suspected microadenoma with negative MR, CT, and surgical findings are not included. 
» Cavernous sinus invasion and optic chiasm compression are not surgically proven owing to difficulty in visualizing these structures via a transsphenoidal approach. 
© One focal lesion on CT was opposite the adenoma at surgery. 
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opposite the site of a surgically proven prolactin microade- 
noma. The second focal lesion identified with CT was also 
identified with MR (Fig. 1), and was a surgically proven 
prolactin-secreting microadenoma containing a cyst from old 
hemorrhage. One patient with sellar-floor erosion on CT scan- 
ning had no abnormality on MR, and had an 8-mm midline 
microadenoma at exploration (Fig. 2). In one patient, MR 
showed focal bulging of the diaphragma sellae as the only 
imaging abnormality. This was not shown on CT, and surgery 
proved the patient to have an ACTH-secreting microadenoma. 
Two patients with normal MR and CT studies were strongly 
suspected of harboring an ACTH microadenoma, but had 
negative surgical exploration. 

Eleven patients had CT and MR studies for a suspected 
microadenoma; however, they elected medical therapy or no 
treatment. The height of intrasellar contents for all patients in 
this category was less than or equal to 10 mm. In this group, 
four focal lesions were identified with CT, yet only two were 





Fig. 1.—A, Direct coronal CT after intravenous contrast shows hypo- 
dense midline focal lesion occupying most of intrasellar contents. 

B, With T1-weighted sequence (spin-echo technique, TR 500, TE 30, 
2.0-mm slice thickness), intrasellar contents are approximately isointense 


Fig. 2.—Surgically proven midline 8-mm pro- 
lactin microadenoma could not be seen with CT 
or MR. Shown are a short TR image (TR 600, TE 
30, 2.0-mm slice thickness) (A) and a long TR 
image (TR 1500, TE 50, 5-mm slice thickness) 
(B) in this patient. The sellar floor sloped slightly 
downward toward the right, a normal variant. 





MR OF PITUITARY ADENOMA 799 


shown on MR. By MR, both were hyperintense relative to 
cortex on T2-weighted sequences. With T1 weighting, one 
was hypointense and one was hyperintense relative to cortex. 
The remaining patients had intrasellar contents that were 
approximately isointense to cortex with both T1- and T2- 
weighted sequences, with normal CT and MR. 

Eight patients were suspected of harboring a macroade- 
noma; of these, three had surgically proven macroadenomas 
and three had documented decrease in size of pituitary mass 
with bromocriptine therapy. In all six of these patients, intra- 
sellar masses were isointense with cortex with T1 weighting. 
With T2-weighted sequences, one was hyperintense relative 
to cortex, four were isointense, and in one this imaging was 
unsuccessful due to motion. In one patient, CT identified a 
calcified adenoma, but on MR it was indistinguishable from 
the other macroadenomas studied (Fig. 3). MR and CT find- 
ings in these patients are charted in Tables 1 and 2. 

In two patients, macroadenomas were evaluated with CT 





with brain. Note noisy image due to thin collimation and short TR. 

C, With T2 weighting (TR 2000, TE 60, 5-mm collimation), surgically 
proven adenoma is readily identified by its increased intensity compared 
with cortex. 
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Fig. 3.—Calcified macroadenoma was identified by CT (A) in this patient 
with a prolactin level of 866 ng/ml. With MR, in spite of dense calcification, 
the adenoma was indistinguishable from noncalcified adenomas. Shown 
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are a T1-weighted image (TE 30, TR 500, 2.0-mm slice thickness) (B) and 
a T2-weighted image (TE 30, TR 2000, 5.0-mm slice thickness) (C). 





Fig. 4.—Cavernous sinus involvement by macroadenoma is demonstrated in two cases. 

A, Case 1. Intensity pattern in left cavernous sinus was identical to that of intrasellar mass and asymmetrical when compared with right cavernous 
sinus. Note displacement superiorly of optic chiasm by intrasellar mass. 

B, Case 2. Right cavernous sinus appears involved by intrasellar mass based on both abnormal intensity pattern, compared with left, and displacement 
laterally of ascending portion of cavernous carotid artery (arrow). 

C, Involvement of right cavernous sinus correlated well with sellar asymmetry (arrow) on this axial 3-mm contrast-enhanced CT. 


and MR, but there was no surgical or medical confirmation. 
Both were suspected of harboring nonfunctioning adenomas; 
both masses were isointense relative to cortex with T1 and 
T2 weighting. 

Extension of adenoma into the cavernous sinus (Fig. 4) 
was suspected by MR in four patients, compared with two 
patients who were suspected of having cavernous sinus 
abnormalities by CT. Cavernous sinus invasion was not sur- 
gically confirmed due to inaccessibility of the cavernous sinus 
from a transsphenoidal approach. 

Optic chiasm compression was identified convincingly in 
six patients with MR (Fig. 4). In several cases, chiasmal 


compression was suspected with CT on the basis of size of 
the adenoma; however, the optic chiasm was not adequately 
defined with CT for confirmation. 


Discussion 


Of the few MR studies of proven pituitary adenomas that 
have been illustrated previously, most have been large lesions 
[5-8]. Reported studies used various pulse sequences, mag- 
net strengths, scan thicknesses, and planes of imaging and 
included few descriptions of clinical, CT, and surgical corre- 
lations. The normal appearance of the pituitary fossa on MR 
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using a multiplicity of field strengths, slice thicknesses, and 
pulse sequences has been well demonstrated [13]. In that 
series, the predominant signal from the intrasellar contents 
was isointense relative to brain on all pulse sequences eval- 
uated. The appearance of a pituitary adenoma on MR is 
largely unproven, particularly for smaller lesions. 

For microadenoma evaluation, our preliminary data suggest 
that MR may not be as sensitive as CT for identifying discrete 
focal lesions within the minimally enlarged or normal-sized 
pituitary gland. This is not surprising, since an adenoma is a 
benign proliferation of a cell type normally found in the pituitary 
gland. As noted in prior CT studies [3, 4], an adenoma may 
not result in anatomic abnormalities sufficient to distinguish it 
from the surrounding pituitary gland. Indeed, in this series, 
two surgically proven microadenomas showed no abnormality 
on MR. Focal bulging of the diaphragma sellae was seen 
better with MR than with CT, but this is an infrequent abnor- 
mality. Identification of sellar-floor erosion was problematic 
with MR in patients with well-aerated sphenoid sinuses, due 
to the absence of signal from both air and calcium. Sellar- 
floor abnormalities were more readily seen with CT. Abnor- 
malities of the sellar floor with CT, however, lack specificity 
for localization of microadenoma [11-18]. 

Anatomic abnormalities from mass effect of macroadeno- 
mas were seen with both MR and CT. As expected from our 
previous experience with CT, focal lesions were infrequently 
identified in macroadenomas. Most macroadenomas in this 
series were isointense with cortex on T1- or T2-weighted 
sequences. The normal gland was indistinguishable from 
adenomatous tissue. As previously described for microade- 
nomas, sellar-floor erosion was better seen with CT than with 
MR. Abnormalities of the diaphragma sellae and pituitary 
infundibulum were equally apparent with both imaging tech- 
niques. Cavernous sinus invasion was suspected more often 
with MR than with CT, but it was not surgically proven 
because the cavernous sinus was surgically inaccessible from 
a transsphenoidal approach. The optic chiasm and chiasmal 
compression were well seen with MR, particularly with T1- 
weighted sequences. With CT, chiasmal compression was 
suspected based on the extent of a large suprasellar mass; 
however, the chiasm itself is not commonly visualized without 
metrizamide. 

With the exception of the three patients with identifiable 
focal lesions on MR, adenomas of all types were radiograph- 
ically similar on MR and CT. No specific intensity pattern was 
present to distinguish adenoma from normal gland. 

Although the appearance of parasellar and suprasellar 
masses has been described [19], the appearance of other 
intrasellar masses by MR is not well known. Presumably, high 
flow in intrasellar aneurysms would result in areas devoid of 
signal by MR, thus alerting the radiologist to this possibility. 
It is possible, however, that a densely calcified mass (i.e., 
intrasellar craniopharyngioma or adenoma) might resemble 
an aneurysm on MR because of the absence of signal from 
calcium [20, 21]. Since the MR intensity pattern of meningi- 
omas is variable [22], an intrasellar meningioma might mimic 
an adenoma on MR. 

In summary, MR and CT were approximately equivalent for 
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identifying and localizing macroadenomas. As with CT, mac- 
roadenomas of secretory and nonsecretory types were similar 
in appearance on MR. The normal gland could not be distin- 
guished from adenomatous tissue. For microadenoma eval- 
uation in this small series, CT was more sensitive for identi- 
fying focal lesions. Whether the superiority of CT for micro- 
adenoma evaluation will persist as further refinements in MR 
technique develop is uncertain. A decrease in slice thickness 
on T2-weighted studies or use of paramagnetic contrast 
agents may improve the sensitivity of MR for microadenoma 
detection. MR has the inherent advantage of requiring no 
radiation or iodinated contrast; thus, MR may be the proce- 
dure of choice for identifying and following the macroadenoma 
patient. At this time, however, CT remains the imaging tech- 
nique of choice for patients suspected of having a microade- 
noma. 
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Surface-Coil MR of Orbital 
Pseudotumor 





Fifteen patients with clinical presentations compatible with idiopathic inflammatory 
orbital pseudotumor were examined by CT and MR imaging to determine if MR could 
add specificity to the CT appearance of this entity. MR was performed on a 1.5 T system, 
using surface-coil and head-coil techniques. Idiopathic pseudotumor was confirmed in 
nine patients on the basis of response to steroid therapy in the absence of local cause 
or systemic iliness. One other patient had biopsy-proven idiopathic pseudotumor. Five 
patients proved to have other orbital entities, including metastases, infectious myositis, 
hemorrhage, and orbital sarcoid. In all 10 patients with confirmed pseudotumor, CT and 
MR were abnormal. MR abnormalities in 10 of 10 patients with pseudotumor were 
hypointense to fat and isointense to muscle on T1-weighted images. On T2-weighted 
images the lesions of pseudotumor were isointense or only minimally hyperintense to 
fat in nine of 10 cases; in one case, the enlarged muscle was markedly hyperintense to 
fat. The MR signal intensity of pseudotumor was similar to that found in infectious 
myositis and sarcoid. These findings contrasted to the MR appearance of the other 
disease entities examined. Metastases appeared markedly hyperintense to fat on T2- 
weighted images, while hematoma was hyperintense to muscle and isointense to fat on 
T1-weighted images and markedly hyperintense to fat on T2-weighted images. In our 
preliminary series, surface-coil MR appears to add specificity to the CT appearance of 
orbital pseudotumor. 


Pseudotumor of the orbit often presents with painful ophthalmoparesis and 
proptosis; however, clinical manifestations can vary, and pain may be minimal or 
absent [1-3]. Because CT of orbital pseudotumor may appear identical to other 
entities, including infiltrative malignancies. (i.e., lymphoma or metastases) [4-6], 
increased specificity with noninvasive imaging is highly desirable. We examined 15 
patients with a clinical presentation compatible with orbital pseudotumor on a 1.5 
T MR scanner, using both surface and head coils. This report describes the MR 
findings in 10 patients with clinically or pathologically confirmed orbital pseudotu- 
mor. An additional five patients had similar clinical manifestations but proved to 
have other orbital disease. The MR appearance of these two groups are compared. 


Subjects and Methods 


Ten patients, ranging in age from 11-74 years, with the eventual clinical diagnosis of 
idiopathic orbital pseudotumor confirmed by clinical course and response to steroid therapy 
(nine of 10 patients) or biopsy (one of 10 patients) in the absence of local cause or systemic 
disease, underwent CT and MR. Five additional patients who presented with clinical manifes- 
tations consistent with pseudotumor were examined with similar MR techniques and found 
to have other orbital diseases. CT was performed on a General Electric 9800 scanner, and 
in nine patients images were obtained after intravenous bolus infusion of 50 mi of 60% 
megiumine diatrizoate, followed by a drip infusion of 300 mi of 30% meglumine diatrizoate. 
In one patient, CT was performed without intravenous contrast. CT section thickness was 3 
mm in the axial plane and 5 mm in the coronal plane. MR was performed on a General Electric 
1.5 T Signa system, using spin-echo techniques. During surface-coil imaging, the transmitter 
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coil was a 55-cm diameter cylindrical coil, routinely used for body 
imaging. The receiving coil, a mask-configuration surface coil meas- 
uring 9 cm in height and 14 cm in width, was placed on the patient’s 
face, overlying the orbits. T2-weighted images were obtained by 
using a 28-cm diameter head coil as receiver and transmitter in 13 of 
15 cases. Surface-coil images were 3 mm thick. Head-coil images 
were 3-5 mm thick. All MR images had interslice gaps of 50% of the 
section thickness. Images were obtained in the axial, coronal, and/or 
Sagittal planes. T1-weighted images were obtained with repetition 
time (TR) = 600 msec and echo time (TE) = 20-25 msec. T2- 
weighted images were obtained with TR = 2000-2500 msec and TE 
= 80 msec. All MR images used a 128 x 256 matrix and two 
excitations. T1-weighted images required 2 min 35 sec of scanning 
time, while T2-weighted images required 8 min 38 sec to 10 min 48 
sec. 

In our experience, when imaging the orbit with a surface coil, globe 
motion significantly degrades image quality. To minimize this problem, 
patients were asked to keep their eyes open and fix their gaze upon 
a single spot during MR performed with the surface coil. When 
imaging with the head coil or during CT, patients were simply told to 
relax, since in our experience images obtained with these techniques 
do not suffer degradation from globe motion. 

Technicians photographing orbital MR images were instructed to 
use a somewhat wider window width than usual for T1-weighted 
images in order to unmask potentially subtle retrobulbar lesions that 
might otherwise be obscured by the marked hyperintensity of orbital 
fat. 


Results 


In all 10 patients with the confirmed diagnosis of idiopathic 
orbital pseudotumor, CT and MR were abnormal. Eight pa- 


D 


Fig. 1.—Myositic pseudotumor. 

A, Axial CT. 

B, Coronal CT. Note large, enhancing mass involving right lateral rectus 
muscle and its insertion extending into lacrimal fossa. 

C, Axial surface-coil MR, T1-weighted image (TR = 600 msec, TE = 25 
msec). 
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tients had unilateral findings, and two patients had bilateral 
abnormalities. Surface-coil T1-weighted images depicted all 
of the CT findings and provided the finest anatomic definition. 
Motion artifacts were variably present, depending on the 
patient's ability to fix his or her gaze for the required scanning 
time. Characteristic findings on T1-weighted images included 
either focal or diffuse regions of decreased signal intensity, 
as compared with orbital fat (isointense to extraocular mus- 
cle), seen in all 10 patients (Figs. 1C, 1D, and 2B). Orbital fat 
had a decrease in signal intensity on T1-weighted images 
when compared with the normal contralateral side in two 
patients (Fig. 3). In two other patients, the orbital fat appeared 
to have decreased signal intensity when compared with the 
uninvolved side; however, artifactual intensity gradients from 
asymmetric coil position were actually responsible for this 
factitious finding. 

Uveal-scleral thickening was clearly demonstrated in two 
patients (Fig. 2). Enlargement of extraocular muscle(s) was 
present in seven patients; the muscle insertions were involved 
in three patients (Fig. 1). In nine patients, T2-weighted images 
showed all lesions to be isointense, or minimally hyperintense, 
to orbital fat. In one patient, T2-weighted images showed a 
markedly hyperintense enlarged medial rectus muscle. Sur- 
face-coil T2-weighted images were usually markedly de- 
graded by globe and patient motion, because over 10 min is 
required for scanning with TR = 2500 msec and because a 
surface coil is more susceptible to motion artifact. Head-coil 
images with T2 weighting were usually not significantly de- 
graded by motion; thicker sections, however, were necessary 





D, Coronal surface-coil MR, T1-weighted image (TR = 600 msec, TE = 
25 msec). Right lateral rectus mass (asterisk) is isointense to muscle, 
hypointense to orbital fat. 

E, Coronal head-coil MR, T2-weighted image (TR = 2500 msec, TE = 
80). The mass (asterisk) is approximately isointense to orbital fat (arrow). 
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Fig. 2.—Orbital pseudotumor with uveal-scleral thickening. 

A, Axial CT shows bilateral, enhancing uveal-scleral thickening (arrows). 

B, Axial surface-coil MR, T1-weighted image (TR = 600 msec, TE = 25 
msec). MR clearly defines bilateral uveal-scleral thickening (arrows), which 








Fig. 3.—Orbital pseudotumor with hypointense orbital 
fat. Coronal surface-coil MR, T1-weighted image (TR = 
600 msec, TE = 20 msec). Note diffusely decreased signal 
intensity of orbital fat on affected left side as compared 
with normal fat in contralateral orbit. 


(to compensate for the lower signal-to-noise ratio), thereby 
limiting spatial resolution. 

Five patients with pseudotumorlike presentations had other 
orbital pathology, including spontaneous retrobulbar hemor- 
rhage, orbital metastases (two), infectious orbital myositis 
secondary to adjacent subperiosteal abscess, and orbital 
sarcoid (Table 1). In one patient with painful ophthalmoplegia, 
idiopathic retrobulbar hemorrhage was definitively diagnosed 
as aresult of both T1- and T2-weighted images that showed 
an enlarged inferior rectus muscle with central hyperintensity 
(relative to muscle) (Fig. 4). 

In a patient with known, widely metastatic breast carci- 
noma, MR demonstrated an extraconal mass hypointense to 
orbital fat on T1-weighted images. On T2-weighted images, 
the mass was markedly hyperintense as compared with or- 
bital fat (Fig. 5). In another patient with biopsy-proven meta- 
static breast carcinoma, T1-weighted images demonstrated 
bilateral retrobulbar masses involving extraocular muscles 
that were hypointense to fat. T2-weighted images showed 
that these masses were markedly hyperintense to fat (Fig. 6). 

In one patient with sarcoidosis (diagnosed on the basis of 
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is isointense to muscle, hypointense to orbital fat. 

C, Axial surface-coil MR, T2-weighted image (TR = 2000, TE = 80). The 
regions of uveal-scleral thickening (arrowheads) are only minimally hyper- 
intense to orbital fat. 


TABLE 1: Signal Intensity Relative to Fat and Muscle 


HN se 








To Fat To Muscle 
T1 Tm #71 T2 
Weighted Weighted Weighted Weighted 
Pseudotumor (9/10) -+ — — 
Infectious myositis (1) | -= os — 
Sarcoid (1) | -> — — 
Metastases (2) ji î — | 
Hemorrhage (1) — t 1 T 
Note.— | = hypointense; — = isointense; | = hyperintense. 


classic bilateral hilar and right paratracheal adenopathy on 
chest radiograph in the absence of symptoms) MR demon- 
strated bilateral intraconal masses that encased the pos- 
terosuperior aspect of the globes and extended into the 
lacrimal fossae (Fig. 7). T1-weighted images with the surface 
coil demonstrated hypointense (to fat) infiltrative masses. 
Head-coil T2-weighted images revealed isointensity (to fat) in 
these regions. 

Infectious orbital myositis secondary to adjacent subperios- 
teal abscess on MR demonstrated hypointensity on T1- 
weighted images and isointensity (to fat) on T2-weighted 
images. 


Discussion 


Orbital pseudotumor is usually a clinical diagnosis, although 
unusual presentations often require radiographic evaluation 
and, occasionally, biopsies [7-9]. CT, however, is often non- 
specific [4-6]. A-mode orbital sonography may also be useful 
in evaluating pseudotumor [6, 10], both as a rapid screening 
technique and as a method of delineating surface character- 
istics and, to some extent, tissue characteristics. Sonography 
may add specificity to the radiographic appearance of some 
retrobulbar masses, but it is markedly operator-dependent. 
MR, including surface-coil techniques, has been useful in a 
variety of orbital disease entities [11, 12]. In our study, orbital 
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Fig. 4.—Spontaneous retrobulbar hemorrhage. 

A, Noncontrast axial CT. Note high attenuation mass in posterior aspect of left orbit, near orbital 
apex (arrow). 

B, Axial surface-coil MR, T1-weighted image (TR = 600, TE = 25 msec). Hyperintense hematoma in 
left inferior rectus muscle (arrow). 

C, Sagittal head-coil MR, T1-weighted image (TR = 600 msec TE = 25 msec). Hematoma in left 
inferior rectus muscle has central hyperintensity (arrow). 

D, Coronal head-coil MR, T2-weighted image (TR = 2500 msec, TE = 80 msec). This mass has 
marked hyperintensity (arrow), consistent with the diagnosis of retrobulbar hematoma. 








Fig. 5.—Metastases from breast carcinoma. 

A, Axial and B, coronal CT scans show enhancing mass along medial aspect of left orbit extending 
anteriorly (arrowhead). The mass involves left medial rectus muscle. 

C, Coronal surface-coil MR, T1-weighted image (TR = 600, TE = 25 msec). The mass (arrow), 
superomedial to left medial rectus muscle, is hypointense to fat, isointense to muscle. 

D, Axial head-coil MR, T2-weighted image (TR = 2500, TE = 80 msec). The mass (arrows) is 
markedly hyperintense to orbital fat. 





D 
pseudotumor appeared on T1-weighted images as hypoin- identical signal-intensity patterns. This appearance contrasted 
tense to orbital fat (isointense to muscle) in all cases. On T2- to other disease entities, including malignancy and hematoma, 


weighted images, lesions were isointense or only minimally which appeared markedly hyperintense (to fat) on T2- 
hyperintense to orbital fat in nine of 10 cases. Other benign weighted images. Furthermore, the retrobulbar intramuscular 
inflammatory entities (infectious myositis and sarcoid) had hematoma appeared hyperintense to muscle (isointense to 
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Fig. 6. Metastases from breast carcinoma. 


A, Axial CT shows bilateral masses involving rectus muscles (arrows). Note inhomogeneous low attenuation of these masses. 
B, Coronal surface-coil MR, T1-weighted image (TR = 600, TE = 20 msec). Masses (arrows) are hypointense to fat and isointense to muscle. 
C, Axial head-coil MR, T2-weighted image (TR = 2500, TE = 80 msec). Note marked hyperintensity of masses (arrows) as compared with orbital fat. 


Fig. 7—Orbital sarcoid. 

A, Coronal CT. Bilateral masses en- 
circle superolateral aspect of globes 
(arrows). 

B, Axial surface-coil MR, T1- 
weighted image (TR = 600, TE = 25 
msec). 

C, Coronal surface-coil MR, T1- 
weighted image (TR = 600, TE = 25 
msec). Note bilateral retrobulbar 
masses that encase posterosuperior 
aspects of both globes and extend into 
left lacrimal fossa (arrow). These 
masses are hypointense to fat, isoin- 
tense to muscle. 

D, Coronal head-coil MR, T2- 
weighted image (TR = 2500, TE = 80 
msec). The masses are approximately 
isointense to orbital fat. 


fat) on T1-weighted images, indicating its hemorrhagic nature 
[13]. The cause of the apparent differences in signal-intensity 
characteristics of idiopathic pseudotumor and similar benign 
inflammatory orbital conditions from malignancy are uncertain; 
the degree of cellularity versus free-water content of the lesion 
may account for this discrepancy, but this is only speculation. 
MR appears to add specificity to the CT appearance of orbital 
pseudotumor, and may aid in differentiating benign from some 
malignant lesions. Preliminary reports on orbital MR by some 
authors have also suggested this, while others have disagreed 
[14-20]. 

Orbital MR is not without pitfalls. MR of orbital disease, in 
comparison to CT, has been limited by poor spatial resolution 
related to section thickness. Reduction in section thickness 
results in a lower signal-to-noise ratio [21]. Increasing scan- 
ning time, in an effort to improve the signal-to-noise ratio, is 
undesirable in orbital MR, because patients must fix their 








gaze for the entire scanning time. The resultant motion arti- 
facts severely degrade image quality. However, the use of 
surface coils and high field strength may improve the signal- 
to-noise ratio [11, 12, 21], thereby allowing thinner sections 
without concomitantly increasing imaging time. Surface-coil 
MR is extremely operator-, patient-, and photographer-de- 
pendent. A surface coil positioned asymmetrically can result 
in severe signal-intensity gradients. In addition, since signal 
drop-off is significant as the distance of the area of interest 
from the surface coil increases, comparison of lesion signal 
intensities to nearby structures (i.e., fat) may be difficult. T1- 
and T2-weighted images are required for MR diagnosis; how- 
ever, T2-weighted images obtained with the head coil ap- 
peared to be less degraded by artifact than those obtained 
with the surface coil. Such imaging techniques limit the po- 
tential spatial resolution. Patient cooperation is a prerequisite 
for successful surface-coil imaging of the orbit. Any lack of 
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cooperation makes the study essentially worthless, which. is 
why surface-coil imaging is often inappropriate for young 
children. Sedation is not useful, as involuntary globe motion 
is significant in the sedated patient. The images are also 
photographer-dependent. The technique of photographing 
retrobulbar abnormalities on MR requires a certain level of 
expertise and sophistication, as an improperly windowed 
image can mask subtle lesions in the high signal intensity of 
orbital fat. Additionally, bony involvement with orbital disease 
is not well delineated with MR. 

From our experience, we suggest the following techniques 
for MR of the orbit. T1-weighted images should be performed 
with surface-coil imaging. High-resolution scans can be ob- 
tained with 3-mm thin sections without increasing the number 
of excitations (which would increase scanning time). Both 
axial and coronal images should be obtained in all cases. 
Sagittal imaging may be helpful for perioptic/optic nerve le- 
sions, orbital apex lesions, and abnormalities involving the 
superior and inferior rectus muscles. When imaging with the 
_ surface coil, the patient should be instructed to keep his eyes 
open and fix his gaze in one direction for the entire scan time. 
Particular attention should be made to coil positioning to 
avoid intensity gradients. T2-weighted images, which require 
long TR and long TE, necessitate, in our experience, the use 
of the head coil to avoid severe image degradation by motion 
artifact in most cases. Five-millimeter sections are usually 
adequate to display signal-intensity abnormalities. 

in summary, surface-coil MR of orbital pseudotumor has 
added to the specificity of radiographic diagnosis when com- 
pared with CT. Lesions are clearly delineated on both imaging 
techniques, but signal-intensity characteristics on MR may 
distinguish between hemorrhage, malignancy, and pseudo- 
tumor (or other benign inflammation). 
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Use of MR Imaging in an 
Outpatient MR Center 





Indications for MR examinations and patient characteristics are evaluated for 4561 
MR examinations performed at a freestanding outpatient MR imaging center between 
May 1984 and June 1986. Hospitalized patients accounted for less than 3% of the case 
load. Examinations of the head and spine accounted for 60% and 31% of the work load, 
respectively. Patients 65 years or older made up 15% of the case load during 1984 and 
1985 and 21% in 1986. Referrals from neurologists, internists, and neurosurgeons 
accounted for 56%, 11%, and 9% of patients, respectively. The percentage of patients 
who had CT, myelography, and other imaging procedures performed before referral for 
MR imaging declined significantly between 1984 and 1986. Indications for examination 
were mostly neoplastic diseases; degenerative diseases of the CNS, including multiple 
sclerosis; other disorders of the CNS; and disk diseases. Approximately 40% of all 
examinations were interpreted as normal. The number of patients referred for degen- 
erative intervertebral disk disorders increased substantially between 1984 and 1985. 

This study documents the increasing acceptance of MR imaging as an important 
primary imaging technique for a variety of conditions, particularly those of the brain and 
spine. 


Acceptance of MR imaging as a primary diagnostic technique is increasing [1]. 
Its sensitivity in detecting early stages of disease and siting difficulties and expenses 
have made it an attractive procedure for an outpatient setting. By the end of 1984, 
48% of all MR imagers were located in outpatient facilities, whereas only 19% of 
CT scanners were in outpatient settings at the same point in the development of 
CT [2, 3]. In November 1985 the U.S. Health Care Financing Administration 
approved payment for MR examinations under part B (outpatient services) of the 
Medicare program. This reimbursement decision will continue to favor testing on 
an outpatient basis. 

Early reports on the use of MR imaging were based on studies performed in 
academic medical centers, and most of the published studies focused on case 
series confined to a Clinical entity or anatomic area. Few studies of large groups of 
patients exist [4]. Although studies from academic centers are essential to the 
understanding of this new imaging technique, patients in training centers may not 
be representative of those who receive health care in nonacademic settings. The 
objective of this study is to describe the use of MR imaging in a nonacademic 
outpatient center. 


Subjects and Methods 


The Magnetic Resonance Center of San Diego began operation in May 1984. The Center 
is located in eastern San Diego in a medical office building adjacent to a 225-bed community 
hospital. Its Diasonics 0.35-T unit was the only source of MR imaging in San Diego County 
(population, approximately 2.2 million) until March 1985 when a large community hospital 
began operating a mobile MR imaging unit 2 days per week. A third fixed unit at a university 
teaching hospital began full-time operation in September 1985. 
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Information about the opening of the MR Center was made avail- 
able via direct mail to physicians, notices in the monthly publication 
of the local medical society, and presentation of continuing education 
seminars at hospitals and at meetings of local medical specialty 
societies. No mass media advertising was used, although local news 
media did cover the opening of the Center. 

A case abstract was prepared for each patient. It included demo- 
graphic information, specialty of referring physician, geographic area 
of practice, indication for examination, previous non-MR examina- 
tions, and results of the MR imaging. Indications for examination, 
recorded on consultation requests by referring physicians, were 
coded by using the /nternational Classification of Disease, 9th revision 
(ICD9) [5]. The diagnoses provided by referring physicians were not 
verified as part of this study and may be either suspected or proved. 
The results of MR imaging were coded by using the American College 
of Radiology (ACR) /ndex for Roentgen Diagnosis, 3rd edition, with a 
1985 update for skull and content diagnosis [6]. In some instances, 
additional codes were developed to more specifically code conditions 
not reflected in the ACR Index (e.g., multiple sclerosis). Abstracting 
was done by three research assistants, and questions about coding 
were resolved by two radiologists. Studies showed that interab- 
stracter reliability for indication for examination and results of MR 
imaging was approximately 98%. Abstracted data were entered into 
a microcomputer data-base management system and transferred to 
a mainframe computer for statistical analysis. Further details are 
available from the authors. 


Results 


Between the start of services in May. 1984 and June 30, 
1986, 4561 examinations were performed on a total of 3917 
patients who were referred by more than 525 different phy- 
sicians. Only 117 (8%) of the examinations were performed 
on patients who were hospitalized at the time of their exami- 
nations. Table 1 lists the anatomic site of examination for 
1984 through 1986. Ninety-two percent of the examinations 
performed during this period were for the head and spine. A 
substantial increase in referrals for examination of the spine 
and contents was observed during the second year. Only 
17% of all patients were 65 years or older. This older patient 
group increased from 15% in the 1984-1985 period to 21% 
in the first 6 months of 1986. 

Patients referred by neurologists accounted for more than 
56% of the examinations. Referrals from other internal medi- 
cine specialists and subspecialists accounted for 11%, those 
from neurosurgeons accounted for 9%, and those from ortho- 
pedists accounted for 6%. Other specialists accounted for 
18% of the examinations. 


TABLE 1: Anatomic Site of MR Examination 





Site 1984? 1985 1986° 
Head (%) 62 59 60 
Spine (%) 25 33 33 
Other (%)* 13 8 7 
Total patients (No.)} 888 2137 1419 





a May through December. 
e January through June. 
° Other includes face, skeletal system, chest, and abdomen. 
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Table 2 shows the indication for examination within diag- 
nostic categories. Categories with the largest numbers of 
patients were malignant or benign neoplasms; degenerative 
diseases of the CNS, including multiple sclerosis; other CNS 
disorders; and disk disease. Data for inpatients were excluded 
because they were a small proportion of patients examined. 

Table 3 shows the percentage of patients who had other 
diagnostic imaging performed before MR imaging for each of 
three anatomic categories during 1984, 1985, and 1986. 
Abdominal, skeletal, and other sites were excluded to reduce 
the size of the table. They constituted a relatively small 
number (389) of examinations and showed no significant 
changes between 1984 and 1986. Use of CT before MR 
imaging was reduced significantly for examinations conducted 
in 1984 vs 1985 and 1986. The reduction in the percentage 
of patients who had CT scans or myelograms was even more 
significant for examinations of the spine. 

Results of MR imaging are not reported in detail. Limited 
resources did not permit follow-up to determine the final 
diagnosis and outcome of patient care. For examinations of 
the skull and its contents, 48% were interpreted as normal. 
Atrophy (14%); degenerative diseases of the white matter, 
including multiple sclerosis (13%); neoplasm or neoplasmlike 
conditions (10%); infection (4%); and trauma (4%) were major 
diagnoses. For examinations of the spine, 33% were inter- 
preted as normal. Other categories of diagnosis included 
degenerative disk disorders (35%); degenerative bone disor- 
ders (9%), postoperative scarring (7%), and neoplasm or 
neoplasmlike findings (6%). Examinations of other anatomic 
areas typically resulted in fewer normal findings. Other areas 
constituted only 7% of the total case load. Summary result 
tables are available from the authors. 


Discussion 


Information on patient characteristics and results of MR 
imaging in outpatient centers is particularly relevant because 
more than 40% of all MR imaging devices are located outside 
hospitals [2, 3]. The Magnetic Resonance Center of San 
Diego was the first to offer MR services in this large metro- 
politan area, and it developed a large outpatient referral base. 
The patient base is drawn from San Diego and surrounding 
communities. Although other centers are now in operation, 
major changes in referral patterns were not observed during 
the study period. 

This center’s patient mix was less than 3% inpatients, 
which is considerably lower than that of other centers [7]. 
This may be due to the distance between other large hospitals 
and this center (i.e., 5-12 miles). Increased emphasis on 
outpatient care also may explain the relatively low percentage 
of inpatients. The pressure of utilization reviews by hospitals 
and insurance companies and reimbursement incentives have 
shifted most diagnostic workups to an outpatient basis. Many 
patients may have MR imaging and then be admitted for 
surgery or other treatment. 

Compared with CT, the use of MR imaging in patients who 
are 65 years or older is much lower. Although only 17% of 
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TABLE 2: Indication for MR Examination for Outpatients 


po No. of Total 
CANON Examinations (%) 
Neoplasms—various sites and types 830 19 
Degenerative and inflammatory diseases of CNS 365 8 
Multiple sclerosis 362 8 
Other demyelinating diseases of CNS 194 4 
Other disorders of CNS 459 10 
Disorders of peripheral nervous system 60 1 
Diseases of ear, mastoid, eye, adnexa 88 2 
Cerebrovascular disease 232 5 
Respiratory, digestive, and genitourinary diseases 46 1 
Disk diseases and conditions 487 11 
Other diseases of cervical spine region 166 4 
Musculoskeletal system and connective tissue diseases 152 3 
Congenital anomalies and perinatal conditions 165 4 
Symptoms and signs of other conditions’ 555 13 
Injuries and related conditions 118 3 
Other? 162 4 
Totals 4441 100 


0 aa eee 
Note.—Suspected or confirmed diagnoses were provided by referring physicians and categorized according to the 
ICD9 system [5]. Confirmation of diagnosis was not a part of this study. 
a includes conditions within ICD9 Code ranges 680-709 and 780-799. Other code ranges are available from the 


authors. 


> Includes infections, endocrine diseases, immunologic diseases, mental disorders, follow-up, and circulatory system 


diseases. 


TABLE 3: Percentage of Patients with Previous Diagnostic Imaging 


Previous Imaging 





Type of MR 
Examination CT 
1984 1985 1986 
Head 49 ma 16 
Spine 43 23 22 
Chest 29 24 23 


Overall percentage 45 29 18 


Angiography and 


Myelography Other 


1984 1985 1986 1984 1985 1986 


2 1 0 <1 <1 <1 
12 4 zi =] <i <1 
5 0 0 5 0 0 
4 2 0.1 0.6 0.2 0.07 


Note.—Overall percentages total less than 100% because 389 MR examinations (abdominal, skeletal, and other) 
have been excluded. The percentages of patients who had had previous diagnostic imaging did not change significantly 


in these groups between 1984 and 1986. 


these MR examinations were performed for patients over 65, 
a 1982 nationwide study of hospital CT by the National Center 
for Health Statistics reported that this age group accounted 
for 41% of CT examinations [8]. The degree to which differ- 
ences can be attributed to patient needs vs reimbursement 
policy is unknown. Medicare part B reimbursement for MR 
imaging was not authorized until November 1985. Discus- 
sions with referring physicians during 1984 and 1985 indi- 
cated that they would have referred substantial numbers of 
patients over 65 if Medicare reimbursement had been author- 
ized for these patients. Although a discount policy for Medi- 
care patients was established in July 1985, its impact was 
not dramatic. It was not until 1986, after Medicare part B 
authorization of MR imaging, that an increase in the number 
of patients in this age group was observed. The percentage 
of patients 65 years and older rose from 15% in 1984-1985 
to 21% during the first 6 months of 1986. Studies to document 


the changes in age distribution and patient characteristics 
that occurred after changes in Medicare part B reimbursement 
are continuing. 

The patients examined represent a broad range of diag- 
noses, particularly those related to the brain and CNS, and 
each ICD9 diagnostic group (Table 2) includes both suspected 
and confirmed diagnoses for a wide range of disease severity. 
One problem in precise evaluation of these data is the speci- 
ficity used by referring physicians. A patient might be classi- 
fied into a specific category simply as a result of the way the 
referring physician described the patient's condition on the 
consultation request. Because groups of codes have been 
lumped together, we think that the categories probably are 
reliable and valid indicators of the types of patients being 
examined. 

When patients examined in 1984 were compared to pa- 
tients examined in 1985 and 1986 (Table 3), significantly fewer 
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had CT before they were referred for MR imaging. A similar 
reduction occurred in the percentage of myelograms obtained 
before MR imaging was performed. The reduction in the 
percentage of patients who had CT scans and myelograms 
obtained before MR imaging shows an increasing willingness 
by referring physicians to alter their selection of diagnostic 
examinations. Our preliminary evidence also indicates that: if 
physicians who began using MR imaging early in 1984 are 
examined separately, the reduction in the use of CT before 
MR imaging is even more dramatic. 

When the distribution of procedure mix at the San Diego 
center is compared with other MR imaging units in operation 
during early 1985, this center performed 92% of its exami- 
nations on the head and spine as compared to 81% for survey 
respondents [7]. To our knowledge, no significant cross- 
sectional studies of MR imaging of patients in nonteaching 
hospitals have been undertaken. Similar cross-sectional stud- 
ies by investigators in a wide variety of settings would provide 
greater knowledge of routine clinical applications and would 
help radiologists, physicians, and planners develop future MR 
imaging facilities. ' 
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High-Field MR Imaging of 
Extracranial Hematomas 





The MR features of 20 extracranial hematomas studied on.a 1.5-T system and imaged 
with both short repetition-time/echo-time (TR/TE) and long TR/TE pulse sequences 
were reviewed. in four of five acute hematomas (those less than 7 days of age), signal 
intensity was markedly decreased on long TR/TE images and was either intermediate 
or slightly decreased on short TR/TR images. Fourteen subacute hematomas (7 days 
to 7 weeks of age) and one chronic hematoma (9 months) were studied. The appearance 
of the subacute lesions varied from intermediate to high intensity on short TR/TE 
sequences, but all demonstrated increased signal on long TR/TE sequences. A low- 
Signal rim was noted at the margin of nine subacute lesions. In one patient with this 
finding, pathologic examination showed that the low-signal margin corresponded to a 
region containing hemosiderin-laden macrophages at the periphery of the hematoma. 
These results correlate well with those reported for intracranial hematomas examined 
at this field strength. 

We conclude that analysis of signal-intensity patterns at 1.5 T is useful in staging the 
evolution of hematomas. 


Results of recent reports of the appearance of hematomas, both intracranial [1- 
7] and extracranial [8-10], by MR imaging are conflicting. This reflects the complex, 
time-dependent process of clot evolution and the different technical parameters 
used in various MR studies. l 

Gomori et al. [3] recently reported their experience with high-field-strength (1.5- 
T) imaging of intracranial hematomas. They described two features on T2-weighted 
images (marked central hypointensity in acute hematomas and a peripheral hypoin- 
tense ring in subacute hematomas) that they believed to be more constantly seen 
with high-field-strength imaging. We reviewed our experience with extracranial 
hematomas imaged with high field strengths to assess their appearances at 
different stages of evolution and to determine whether the features characteristic 
of intracranial hematomas at high field strengths are seen in extracranial lesions. 


Materials and Methods 


We reviewed all MR examinations performed from November 1984 to May 1986 in patients 
referred for suspected extracranial hematoma and also the MR examinations in patients 
studied for other indications whose MR appearance suggested the presence of a hematoma. 
From a total of 40 cases, we selected the 16 patients in whom the onset of the hematomas 
could be accurately determined. Seventeen hematomas were detected in the 16 patients 
(one patient had two separate hematomas). The hematomas were in the kidney or a renal 
transplant (five), thyroid (three), renal cyst (one), thigh (two), perihepatic space (two), prostate 
(one), rectus muscle (one), arm (one), and retroperitoneum (one). A total of 19 studies were 
performed in the patient group (a renal cystic hemorrhage was studied three times over a 
9-month interval and perirenal hematoma was examined twice within a 3-week period). For 
the purpose of analysis, these lesions that were imaged more than once were treated as 
separate hematomas on each examination. Six hematomas were confirmed by either surgery 
or needle aspiration and the rest by clinical signs and/or CT. The temporal sequence of the 





lesions was determined by such factors as the onset of trauma, 
surgery, needle biopsy, localizing pain, and acute fall in hematocrit. 

All patients were examined with a General Electric (Milwaukee, WI) 
1.5-T MR imaging unit. Both T1-weighted and T2-weighted spin-echo 
pulse sequences were performed in each study. The T1-weighted 
Study had a 400- to 800-msec repetition time (TR) and a 20- to 25- 
msec echo time (TE); the T2-weighted study had a 2000- to 2500- 
msec TR and a 60- to 80-msec TE. Special attention was paid to the 
differing signal characteristics of the center and periphery of the 
hematomas, as well as to the presence of a hypointense rim surround- 
ing the lesion. 


Results 


Five acute hematomas (1-6 days) were studied in four 
patients. Three lesions were of uniform intermediate intensity 
(isointense or of slightly higher intensity compared with skel- 
etal muscle) on the T1-weighted image. Two acute hemato- 
mas (renal cyst and perihepatic) were low intensity (similar to 
fluid) on the T1-weighted image. Four of the five acute lesions 
displayed homogeneous, pronounced hypointensity (less than 
muscle) on the T2-weighted image (Figs. 1 and 2). One acute 
retroperitoneal hematoma had a heterogeneous appearance 
on the T2-weighted image with several markedly hypointense 
areas mixed with areas of slightly higher intensity. High signal 
adjacent to one thigh hematoma was likely related to edema 
(Fig. 2B). None of the acute hematomas had a surrounding 
low-intensity ring. 

Fourteen subacute hematomas, aged 7-49 days, were 
Studied. Two early subacute lesions (7 and 9 days) had a 
homogeneous, intermediate-intensity center with a discrete 
hyperintense periphery on both T1- and T2-weighted images 
(Fig. 3). Four older hematomas (17-35 days) had a similar 
hyperintense peripheral ring, with the central portion being 
partially filled in with scattered hyperintense areas on T1- and 
T2-weighted images. In two of these cases, the hyperintense 
central areas appeared more extensive on the T2-weighted 
images (Figs. 4 and 5). 

Six older subacute hematomas (15-48 days) had a uni- 
formly hyperintense appearance, both centrally and periph- 
erally, on T1- and T2-weighted images (Fig. 6). No subacute 
hematomas showed the marked hypointensity on the T2- 
weighted image that was present in the acute lesions. 

A thin, well-defined, markedly hypointense rim surrounded 
subacute hematomas in nine cases (Figs. 4 and 6). This rim 








was seen on both T1- and T2-weighted images in eight of the 
nine cases. In five cases, it was more prominent on the T2- 
weighted image. In one hematoma, the hypointense ring was 
seen only on the T2-weighted image. Pathologic examination 
of a thyroid hematoma revealed a peripheral ring of hemosid- 
erin-laden macrophages. 

A renal cystic hemorrhage was followed for 9 months. This 
lesion was also viewed in the acute and subacute periods 
and showed the characteristic appearance at each age. On 
the third examination at 9 months, the hematoma was hyper- 
intense throughout on both pulse sequences except for a 
small hypointense area on the T2-weighted image. This hy- 
pointense area is of uncertain origin, but could be secondary 
to a focus of rebleeding. 


Discussion 


The MR appearance of evolving hematomas is complex. 
Much has been written regarding intracranial hemorrhage [1- 
7], although only a few reports have described extracranial 
hematomas. Most published studies have been performed at 
a low field strength [1, 2, 4-10] and have variously described 
acute intracranial hemorrhage on T1-weighted images to be 
of lower intensity than [4], isointense to [2, 6], or of higher 
intensity than [5] brain parenchyma. Gomori et al. [3] reported 
marked hypointensity of acute intracranial hematomas on T2- 
weighted images at high field strength. Acute extracranial 
hematomas at low field strength have been described to be 
less intense [9] or slightly more intense [10] than muscle on 
T1-weighted images and of higher intensity than muscle on 
T2-weighted images [9]. 

Our study shows characteristic appearances of acute and 
subacute extracranial hematomas that correlate well with the 
reported high-field MR appearance of intracranial hematomas 
[3]. Hematomas in the acute stage (1-6 days) are similar in 
intensity to skeletal muscle on T1-weighted images with 
conversion to marked hypointensity on T2-weighted images. 
This hypointensity on T2-weighted images was not seen in 
the prior study of acute extracranial hematomas at low field 
Strength [9]. The prominent hypointensity on the T2-weighted 
image implies preferential T2 proton relaxation enhancement 
[3]. While this T2 relaxation enhancement can be seen at 
lower field strengths, the enhancement is more dramatic at 
high field strengths [7]. 


Fig. 1.—Acute perinephric hematoma in 20- 
year-old man 6 days after renal transplant. 

A, Coronal T1-weighted image (TR = 600 
msec, TE = 25 msec). Large hematoma (ar- 
rows) is same intensity as muscle (intermedi- 
ate intensity). 

B, Coronal T2-weighted image (TR = 2500 
msec, TE = 80 msec). Hematoma is now mark- 
edly hypointense. 
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Fig. 2.—Acute thigh hematoma (5 days old) 
in 50-year-old paraplegic man on Coumadin. 

A, Coronal T1-weighted image (TR = 600 
msec, TE = 25 msec). Hematoma (arrows) is 
difficult to discern because it is of intensity 
similar to adjacent muscle. 

B, Coronal T2-weighted image (TR = 2500 
msec, TE = 80 msec). Lesion has pronounced 
hypointensity and can be seen clearly. Note 
high-intensity rim of edema adjacent to hema- 
toma. 


Fig. 3.—Perinephric hematoma in 50-year- 
old woman 7 days after renal transplant. 

A, Axial T1-weighted image (TR = 600 msec, 
TE = 25 msec). Crescentic perinephric hema- 
toma (arrows) is of intermediate intensity cen- 
trally. Periphery of lesion is hyperintense. 

B, Axial T2-weighted image (TR = 2500 
msec, TE = 75 msec). Imaging characteristics 
of hematoma are similar to those of T1- 
weighted image. 


The central portion of an acute clot contains intact, isolated 
erythrocytes [11]. It has been proposed that the high deoxy- 
hemoglobin concentrations in these hypoxic cells is respon- 
sible for the enhanced T2 relaxation seen in acute hematomas 
[3]. Deoxyhemoglobin, with four unpaired electrons, is para- 
magnetic, while oxyhemoglobin is diamagnetic [12]. Deoxy- 
hemoglobin displays minimal proton-electron dipolar-dipolar 
interaction because its unpaired electrons are not accessible 
to water protons. However, the intracellular Fe**-deoxyhe- 
moglobin creates slowly varying local heterogeneity of mag- 
netic susceptibility, leading to preferential T2 proton relaxation 
enhancement [3]. This preferential T2 proton relaxation en- 
hancement is proportional to the square of the external mag- 
netic field strength and the square of the intracellular concen- 
tration of the paramagnetic material [13]. Thus, the prefer- 
ential T2 proton relaxation enhancement, seen as marked 
hypointensity on the T2-weighted image in acute hematomas, 
is markedly increased at high field strengths [3]. 

Our data show that by 7 days, the peripheral portion of a 
hematoma becomes hyperintense on T1- and T2-weighted 
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images. The central portion gradually becomes hyperintense 
over the next several weeks, often in a patchy, scattered 
distribution. The appearance in the early subacute period of 
peripheral hyperintensity, which progressively fills the hema- 
toma over subsequent weeks, has been seen at all field 
strengths in both intracranial and extracranial locations [3, 4, 
10]. The peripheral hyperintensity seen by MR corresponds 
to peripheral low attenuation on CT, and the lower intensity 
central region coincides with areas of high CT attenuation 
(Fig. 5) [10]. The T1 shortening in subacute hematomas has 
been shown by in vitro experiments to reflect the oxidation 
of hemoglobin (Fe**) to methemoglobin (Fe**) as the hema- 
toma ages [1, 12]. In vitro analysis of hypoxic blood revealed 
the formation of increasing amounts of methemoglobin during 
the period of T1 shortening [12]. The paramagnetic effect of 
methemoglobin is thought to be secondary to a combination 
of inner-sphere (ligand-exchange) and outer-sphere (diffu- 
sional) effects [12]. 

The appearance of subacute hematomas in our study dif- 
fered in several respects from the reported appearance of 
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Fig. 4.—Follow-up examination on peri- 
nephric hematoma from Fig. 3, 24 days after 
transplantation. 

A, Axial T1-weighted image (TR = 600 msec, 
TE = 25 msec). Peripheral hyperintensity is 
more prominent in this older hematoma. Cen- 
tral portion has become partially hyperintense. 
Hypointense ring surrounds much of hema- 
toma (arrows). 

B, Axial T2-weighted image (TR = 2500 
msec, TE = 80 msec). Confluent central hyper- 
intensity is present. Markedly hypointense pe- 
ripheral ring is more pronounced than on T1- 
weighted image. 


Fig. 5.—17-day-old postoperative perihe- 
patic hematoma in 39-year-old woman. 

A, Enhanced CT scan shows hyperdense 
perihepatic hematoma (arrows). Hematoma 
margins are hypodense. 

B, Axial T1-weighted image (TR = 600 msec, 
TE = 20 msec) 2 days after CT scan. Peripheral 
area of low attenuation on CT scan is hyper- 
intense on MR image. Intermediate intensity of 
central region corresponds to CT hyperdensity. 
Small area of hyperintense central conversion 
is seen. T2-weighted image had similar ap- 
pearance. 


Fig. 6.—Perinephric hematoma in 25-year- 
old woman 48 days after renal transplantation. 

A, Coronal T1-weighted image (TR = 600 
msec, TE = 25 msec). Peritransplant hema- 
toma (arrows) is diffusely hyperintense. Hy- 
pointense ring is seen around lesion. 

B, Coronal surface-coil T2-weighted image 
(TR = 2500 msec, TE = 80 msec). Lesion is 
hyperintense both centrally and peripherally. 
(Signal drop-off in superior part of hematoma 
is secondary to positioning of surface coil for 
renal transplant.) Hypointense peripheral ring 
is well seen. 
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similarly aged intracranial hematomas. The initial peripheral 
hyperintensity seen in intracranial hematomas fills in the cen- 
tral portion of the lesion in a uniform manner over 1-2 weeks 
[3]. In some of our extracranial hematomas, the peripheral 
hyperintensity has been followed by inhomogeneous and 
scattered central conversion. The inhomogeneous appear- 
ance of the hematomas was more conspicuous in several 
cases on the T1-weighted images, with the corresponding 
T2-weighted image appearing more homogeneously hyperin- 
tense. This inhomogeneous central conversion in the sub- 
acute period was also reported by Unger et al. [10] in their 
series of extracranial hematomas. The explanation for these 
differential appearances probably lies in the basic differences 
between intra- and extracranial hematomas. Intracerebral he- 
matomas are generally small and homogeneous, while many 
extracranial clots are large and complex with multiple locula- 
tions. In these large extracranial lesions, differential rates of 
clotting and clot retraction will be found, a situation leading 
to an inhomogeneous MR image. In addition, we suspect that 
the overall evolution of a hematoma is often slower in the 
body compared with the head, because of the large size of 
many extracranial lesions. This is illustrated in the homoge- 
neous central conversion that was seen within 2-3 weeks in 
several smaller hematomas, while a few older lesions of larger 
size remained inhomogeneous. These smaller localized he- 
matomas seem to follow closely the temporal pattern of 
intracranial hematomas. By contrast, the larger complex le- 
sions display slower clot evolution. Unreabsorbed collections 
of serum after clot retraction within the loculations could 
produce the appearance of increased confluent hyperintensity 
on the T2-weighted image that was seen in several cases. 

Three acute hematomas in our series displayed features at 
variance with the high-field appearance of intracranial hema- 
tomas. Two cases (perihepatic, renal cyst) demonstrated low 
rather than intermediate intensity on the T1-weighted image. 
Both lesions appear to represent bleeding into a preexisting 
fluid collection (loculated ascites, renal cyst). The mixing of 
simple fluid with the blood explains the lower intensity on the 
T1-weighted image. In the case of an acute retroperitoneal 
hemorrhage, the T2-weighted image was inhomogeneous, 
with foci of marked hypointensity mixed with areas of slightly 
higher intensity. If there was differential clot retraction, there 
would be areas with differential hematocrits. Those areas with 
a lower hematocrit would have a lower concentration of 
deoxyhemoglobin and reduced preferential T2 proton relaxa- 
tion enhancement. 

A hypointense rim surrounding the hematoma was seen in 
nine subacute lesions. Most of these rings were more clearly 
seen on the T2- than on the T1-weighted images. Gomori et 
al. [3] attributed this hypointense ring to the paramagnetic 
effect of hemosiderin within macrophages at the margins of 
the hematoma. A surgical specimen from a thyroid hematoma 
in our series revealed peripheral hemosiderin-laden macro- 
phages. Similar to Fe**-deoxyhemoglobin, hemosiderin, al- 
though paramagnetic, is water-insoluble and thus does not 
cause significant proton-electron dipolar-dipolar proton relax- 
ation enhancement. However, the heterogeneous distribution 
of hemosiderin within macrophages causes locally heteroge- 
neous magnetic susceptibility and preferential T2 proton re- 
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laxation enhancement directly proportional to the square of 
the applied magnetic field [3]. Although hemosiderin will cause 
preferential T2 proton relaxation enhancement, the effect can 
also be seen on the T1-weighted image. This is analogous to 
the appearance of systemic hemochromatosis, a condition in 
which the marked T2 shortening effect of hepatic iron [14] 
creates parenchymal hypointensity on both T1- and T2- 
weighted images. Because of the very short T2, the tissue 
loses transverse magnetization before the image is acquired 
on the short TR/TE sequence. A low-intensity ring has been 
seen to surround extracranial hematomas [8, 10] and has 
been attributed to both a peripheral fibrous capsule [8, 10] 
as well as to hemosiderin deposition [8]. A peripheral fibrous 
rim could partly explain the hypointense rim in some cases. 
However, both the preferential imaging on the T2-weighted 
image (preferential T2 proton relaxation enhancement) and 
the pathologic findings of peripheral hemosiderin (in our ex- 
ample and in several reported cases [3]) indicate that hemo- 
siderin may be the predominant cause. 

In summary, our series of extracranial hematomas confirms 
the characteristic appearances seen in high-field-strength im- 
aging of intracranial hematomas [3]. Preferential T2 enhance- 
ment in acute hematomas causes marked central hypointen- 
sity on T2-weighted images, and subacute hematomas create 
a hypointense rim. Subacute hematomas demonstrate initial 
peripheral hyperintensity that gradually fills the central portion. 
The distinctive high-field MR appearances of acute and sub- 
acute extracranial hematomas should serve as accurate di- 
agnostic aids. 
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Review 





The Radiologic Clinics of North America. Vascular Imaging: Angiography and the New Modalities. Guest editor: 
Harvey A. Koolpe. Philadelphia: Saunders, 183 pp., September 1986. By subscription 4 issues annually, $60 


This book consists of 11 chapters written by 28 authors. The 
common theme is vascular disease, but the themes are rather eclec- 
tic. Chapters include “The Importance of Appropriate Suite Designs 
in the Era of Computerized Imaging”; “Recent Advances in Contrast 
Agents”; “Minipuncture Angiography”; “Portal Hypertension: Angiog- 
raphy and Hemodynamic Evaluation”; “Utilization of Angiography in 
Trauma Panvenography and Pulmonary Angiography in the Diagnosis 
of Deep Venous Thrombosis and Pulmonary Thromboembolism’; 
“Extracranial Vascular Angiography”; “Surgically Treatable Lesions 
of the Extracranial Circulation, Including the Vertebral Artery”; “Vas- 
cular Ultrasonography: Abdominal Applications”; “Vascular Magnetic 
Resonance Imaging”; “The Functional and Anatomic Evaluation of 
the Cardiovascular System with Rapid-Acquisition Computed Tomog- 
raphy (Cine CT).” 

The subjects are treated in a clear, authoritative manner and will 
be of interest to radiologists who are concerned with angiography. 
Some of the material, such as the chapters on portal hypertension 
and extracranial vascular disease, are good reviews of relatively 
standard arteriographic material and will likely remain current for an 


extended period. The discussion of recent advances in contrast 
agents by Bettmann and Morris is an excellent presentation of a 
timely subject. The coverage of vascular sonography and MR imag- 
ing, while up to date, will likely soon be out of date. The consideration 
of rapid-acquisition CT of the cardiovascular system is interesting, 
but the widespread dispersal of such machines is unlikely and, 
therefore, the material is of limited practical value to most radiologists. 

The book is small and as such is easy to manage while reading, a 
pleasant change from most radiology books. Nonglare paper saves 
eye fatigue and the reproductions are excellent. The bibliography 
contains 703 references and is current. 

The book is recommended for all radiologists with an interest in 
vascular disease. Some will find it prudent to use a library copy rather 
than to purchase one because some of the material will soon be out 
of date, and the review articles, while good, will be of limited value to 
those who work extensively in these areas. 

Andrew B. Crummy 
University of Wisconsin Medical Center 
Madison, WI 53706 
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Detection of Prosthetic 
Vascular Complications: 
Comparison of CT and Angiography 





The value of CT and angiography to detect complications of prosthetic arterial grafting 
was compared in 24 patients. There was a total of 27 grafts including 18 aortic or 
aortofemoral, five femoral-popliteal, two femoral-femoral, and two axillary-femoral re- 
constructions. Nineteen grafts were uninfected; eight were infected. In the absence of 
infection, the complications and the percentages detected by the two procedures were 
as follows: five graft occlusions (CT 80%, angiography 100%), six pseudoaneurysms 
(CT 100%, angiography 83%), three with perigraft fluid (CT 100%, angiography 0%), 
and one with pseudointimal hyperplasia (CT 100%, angiography 0%). Seven grafts were 
normal and without abnormalities on both CT and angiography. In the presence of 
infection the results were as follows: eight with perigraft fluid (CT 100%, angiography 
0%), four with perigraft or intragraft gas (CT 100%, angiography 0%), three pseudo- 
aneurysms (CT 100%, angiography 100%), two open groin wounds (CT 100%, angiog- 
raphy 0%), and two graft occlusions (CT 100%, angiography 100%). In addition, three 
patients with infected grafts had graft enteric fistulae. All three had fluid around the 
proximal anastomosis and two had gas around the graft as well. 

The data show that angiography is sufficient for patients with graft occlusion if there 
is no suspicion of infection, postoperative hemorrhage, or anastomotic pseudoaneurysm. 
In these cases CT has an ancillary role in detecting hemorrhage and defining pseudo- 
aneurysms. CT is superior to angiography in patients with graft infection. 


Prosthetic grafting of the abdominal aorta and lower extremity vessels is a 
common procedure in the treatment of aneurysm and occlusive vascular disease. 
Most of these grafts are fairly durable and their surgical placement is associated 
with low morbidity and mortality. Occlusions, anastomotic pseudoaneurysms, and 
infections, however, may complicate the graft either immediately or some time after 
surgery. Since these complications usually require reoperation, their detection and 
accurate assessment is of major clinical significance [1-4]. Angiography is the 
mainstay in radiologic diagnosis of vascular surgical complications. It has, however, 
been shown to have limitations in complex problems such as infection and graft- 
enteric fistulae [5, 6]. CT, on the other hand, has had a positive impact on the 
management of these problems, yet its overall accuracy in diagnosis of postoper- 
ative complications has not been determined. Furthermore, the relative value and 
accuracy of angiography and CT have not been directly compared. We thus 
conducted a study to compare CT and angiography in a group of patients with a 
variety of graft complications. 


Subjects and Methods 


Between July 1984 and May 1985 24 consecutive patients with a total of 27 prosthetic 
grafts were studied prospectively with both CT and angiography for the presence of compli- 
cations of abdominal aortic and/or femoral vascular grafting procedures. Graft composition 
was either knitted or woven Dacron in the aortic reconstructions and polytetrafluoroethylene 
in femoral or axillary-femoral procedures. There were 18 aortic grafts (12 aortofemoral grafts 
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for occlusive disease and six aortic endoaneurysmorrhaphy grafts for 
aneurysm repair), five femoral-popliteal grafts, and two femoral-fem- 
oral and two axillary-femoral reconstructions. CT was performed on 
a GE 9800 or Picker 1200 SX scanner using IV contrast administration 
consisting of a 50-ml bolus of warm 60% methylglucamine iothala- 
mate (Conray, Mallinckrodt, St. Louis, MO) followed by a rapid 
pressurized infusion of warm 30% methylglucamine iothalamate. In 
five patients in whom hemorrhage was a possibility, both pre- and 
postcontrast scans were obtained. Most patients received oral con- 
trast material as well. Slice collimation was 10 mm and slice spacing 
was at 10- to 15-mm increments in the area of interest, thinner slices 
(5 mm) were obtained to increase detail when necessary. 

Angiography was performed via the femoral, axillary, or translum- 
bar approach within 1 day of CT in all cases. The entire abdominal 
aorta and all lower extremity runoff vessels were examined using 
76% contrast material (Renografin, Squibb, Princeton, NJ) in the 
aorta and 60% contrast material (Renografin, Squibb) for iliac and 
lower extremity vessels. Oblique projections of the aortic bifurcation 
and iliac vessels were routinely used for analysis of the degree of 
stenosis. 

Review of the patient charts included the surgical description of 
the graft and perigraft findings as well as clinical and laboratory signs 
of hemorrhage, infection, occlusion, or vascular disease. Patients 
were divided into two groups: those with documented graft infection 
and those proven to have noninfectious complications. CT and an- 
giography were analyzed by two of the authors, and a consensus 
was reached concerning the findings. 


Results 
Noninfected Grafts 


There were 16 patients with a total of 19 prosthetic grafts 
in the group without infection. Five grafts were occluded, all 
of which were revealed angiographically. CT showed four of 
these occlusions but failed to detect a thrombosed femoral- 
femoral graft because it was unable to image the graft in 
cross section. There were six anastomotic pseudoaneurysms 
in four patients, all of which were detected by CT. Angiogra- 
phy found five of these pseudoaneurysms. Three of these 
pseudoaneurysms were in one patient who had both proximal 
and distal anastomotic pseudoaneurysms in an aortoiliac 
graft. The other three pseudoaneurysms were at the femoral 
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level. In the single failure of angiography a femoral pseudo- 
aneurysm was interpreted as a prominent graft hood. CT 
revealed its true size and detected mural thrombus (Fig. 1). 
Three patients with suspected postoperative hemorrhage had 
fluid or hematoma either around the graft or in the retroperi- 
toneum detected by CT and not by angiography. One patient 
had nonoccluding thrombus secondary to pseudointimal hy- 
perplasia. This was believed to be the source of lower extrem- 
ity emboli. The abnormality was suspected on angiography 
and well documented on CT. Seven patients with seven grafts 
had no findings on either CT or angiography and were sub- 
sequently proven to be normal on clinical follow-up. 


Infected Grafts 


Eight patients were ultimately shown by culture to have 
infected aortic or aortofemoral grafts either before or at the 
time of surgery. All of these patients had positive CT findings 
that included fluid or soft-tissue density around the infected 
graft (eight of eight), gas either within or around the graft (four 
of eight) (Fig. 2), or pseudoaneurysms (three of eight). Two 
of these pseudoaneurysms were at the femoral level and one 
was at a proximal aortic anastomosis. Graft occlusion was 
present in two (25%) of eight. Open groin wounds were also 
well seen on CT in two patients (Fig. 3). Angiography showed 
all three pseudoaneurysms and both graft limb occlusions but 
did not show the two most significant criteria of graft infection, 
perigraft gas and fluid. In addition, angiography significantly 
underestimated the true size of a femoral pseudoaneurysm 
in one of the two patients in whom it was present (Fig. 4). 

Three patients in the group of infected grafts were also 
found to have graft-enteric fistula. CT detected proximal 
anastomotic findings consisting of gas and fluid in all three 
while angiography failed to reveal any abnormality (Figs. 5 
and 6). Intimate adherence of an opacified bowel loop to the 
graft was also noted in one case, but this sign by itself was 
not sufficiently specific for diagnosis. Contrast material ex- 
travasation was not observed nor was there opacification of 
the perigraft space by ingested oral contrast material. There 
were no proximal anastomotic pseudoaneurysms. 


Fig. 1.—Femoral anastomotic pseudoaneu- 
rysm. 

A, Angiogram 2 years after aortobifemoral graft- 
ing shows enlargement of right anastomosis (ar- 
rows), which was incorrectly interpreted as prom- 
inence of proximal portion of graft. 

B, CT shows large pseudoaneurysm (arrows) 
with low-density mural thrombus. 
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Fig. 2.—Infected aortobifemoral graft. Fig. 3.—Infected femoral-popliteal graft with 
A, Angiogram shows occlusion of left limb. large open groin wound (solid arrow). Note deep 
B, CT shows patent right limb (solid arrow) and occluded nonenhancing left limb with intraluminal extension of sinus tract to level of graft (open 
arrow). 


gas (open arrow). 











Fig. 4.—Right femoral anastomotic pseudo- 
aneurysm after aortobifemoral grafting. 

A, Angiogram shows faint contrast density and 
minimal anastomotic dilatation (arrow). 

B, CT shows massive, clinically obvious pseu- 
doaneurysm (asterisk) with peripheral low-density 
thrombus. 





A 


Fig. 5.—Graft-enteric fistula. Fig. 6.—Graft-enteric fistula. Aortic graft (G) is 
A, Lateral abdominal aortogram shows no abnormality. surrounded by rind of soft-tissue density as well 
B, CT shows perigraft fluid and gas (arrows). Graft-enteric fistula was found at surgery. as gas (arrow). 
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Discussion 


This study was designed to compare the utility of CT and 
angiography in patients with clinically apparent or suspected 
problems with a prosthetic vascular reconstruction. In the 
absence of clinical evidence of infection, hemorrhage,’ or 
pseudoaneurysm, simple graft occlusion can usually be 'di- 
agnosed with noninvasive Doppler testing and/or angiography 
whenever it occurs [1, 5]. CT, on the other hand, is equal or 
superior to angiography in the detection of aortic aneurysms 
and has shown utility in the identification of processes occur- 
ring in the perigraft space [6~8]. Therefore, we have ad- 
dressed the more complex problems such as infection, hem- 
orrhage, or pseudoaneurysm that may or may not be evident 
during angiography. 

In the group of patients with noninfected grafts, occlusion 
and anastomotic pseudoaneurysms were the most common 
findings. Angiography was more accurate than CT in the 
evaluation of occlusions. CT failed to detect thrombosis of a 
femoral-femoral graft and, in addition, could not show collat- 
eral reconstitution of the distal circulation in the presence of 
occlusion. In this group of patients pseudoaneurysms could 
not always be seen on angiograms. In one such case, a 
normal angiogram resulted from the presence of a normal- 
diameter aneurysm lumen while the mural thrombus was seen 
only on CT. This pseudoaneurysm, although missed by an- 
giography, was readily apparent on physical examination. 
Both techniques revealed nonoccluding intragraft thrombus. 
Retroperitoneal hemorrhage was seen only with CT. | 

Overall, our experience with this patient group made it 
apparent that simple occlusions and pseudoaneurysms are 
best imaged by angiography after appropriate clinical exami- 
nation, since angiography shows the status of the lower 
extremity vessels both proximal and distal to these abnor- 
malities. CT should be used in those patients with suspected 
pseudoaneurysms and/or hemorrhage, which are not dem- 
onstrated by angiography. 

In the group of patients with proven graft infections, an- 
giography most often showed graft occlusion or pseudoaneu- 
rysms. These abnormalities had a low association with the 
presence of infection since both findings were seen in the 
group without infection in approximately equal numbers, CT 
was, however, clearly superior to angiography. It detected 
definite perigraft abnormalities (fluid and/or gas) in every case. 
These abnormalities were associated much more strongly 
with graft infection than were occlusions or pseudoaneu- 
rysms. These latter two findings, however, were seen on GT 
as well as angiography, while angiography completely failed 
to demonstrate the more valuabie signs of perigraft gas or 
fluid. Other authors have reported similar findings [7-11]. 

The diagnostic specificity of perigraft or intragraft gas for 
the presence of infection was high in this group. Perigraft fluid 
or blood was seen in both groups; its specificity as a sign of 
infection is obviously less than the presence of gas, but its 
presence should be viewed with suspicion. When doubt re- 
mains regarding the nature of perigraft fluid, CT-guided aspi- 
ration is indicated and readily accomplished [12]. Visualization 
of perigraft gas in the immediate postoperative period may 
occasionally be problematic, as discussed by O'Hara et al. 
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[13] who found that periprosthetic gas after abdominal aortic 
reconstruction was present in 65% of patients within 1 week 
after surgery and that the majority had spontaneous resolu- 
tion of that gas within 32 days. A single patient in their group 
showed gas at 52 days. Qvarfordt et.al. [14] reported similar 
findings concerning the fate of postoperative fluid or gas after 
aortic reconstruction. On the basis of these reports, it does 
seem safe to conclude that the presence of gas or fluid 
around the graft after the fourth postoperative week is an 
ominous sign. 

CT made a particularly important contribution to diagnosis 
in our three patients with proven graft-enteric fistulae. In all 
three cases, abnormal fluid collections were present around 
the proximal anastomosis. In two patients, gas bubbles were 
seen in the fluid. Proximal gas was never seen in the absence 
of a fistula. We believe, along with Mark et al. [15], that 
proximal anastomotic gas is an ominous sign and probably 
indicates graft-enteric fistula. Other reported CT signs of graft- 
enteric fistula include extravasation of oral contrast material 
around the graft and contrast extravasation from the aorta 
into the duodenum [16, 17]. The overall accuracy of the 
combination of proximal gas and fluid (100% specific in our 
series) is not known, however. 

Angiography was normal in all three of our patients with 
graft-enteric fistulae, underscoring the pivotal role of CT in 
the diagnosis of this serious complication. Bleeding in this 
condition is often too slow to be angiographically visible. Thus, 
unless a pseudoaneurysm is present, angiography adds little 
or nothing to the diagnostic workup. Mark et al. [15] reported 
a similarly low yield for endoscopy. In contrast, review of the 
available reports of CT imaging of graft-enteric fistula reveals 
that none have ever shown normal or negative findings [7, 8, 
15-19]. We believe that CT will be positive in most cases of 
graft-enteric fistula, making it the technique of choice in the 
diagnosis of this entity. 

MR imaging has also been used in this area. One report 
described a group of three patients in whom MR accurately 
depicted perigraft abscess and ascertained graft patency but 
was unable to differentiate perigraft gas from calcification [20]. 
Further clinical studies are obviously required but the tech- 
nique shows substantial promise. 

In conclusion, angiography is probably sufficient for patients 
in whom infection is not suspected, with CT serving an 
ancillary role. CT is clearly superior to angiography in most 
patients with graft infection in whom it usually shows a 
combination of gas and/or fluid in the perigraft space. CT also 
appears to be sensitive in the detection of graft-enteric fistula. 
The presence of proximal anastomotic fluid, especially when 
accompanied by gas, should be viewed with great suspicion 
as a probable indicator of graft-enteric fistula. The three cases 
included here confirm the findings reported elsewhere and 
argue for a liberal use of CT when the diagnosis of graft- 
enteric fistula is suspected. 
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1987 ARRS Meeting Summary, April 26-May 1, Miami 
Beach, FL 


Accreditation 


All courses and scientific sessions carry AMA Category I credit on 
an hour-for-hour basis. 


Meeting Format 


Scientific Program. Sessions will be grouped in parallel sessions, 
Monday-Thursday. A total of 189 scientific papers will be presented 
in 18 sessions. In addition, on Wednesday, April 29, the morning 
session will feature award papers and the Caldwell Lecture, which 
will be delivered by M. Paul Capp of the Arizona Health Sciences 
Center, Tucson, AZ. On Friday, there will be a special symposium on 
genitourinary imaging. 

Categorical Course in Gastrointestinal Radiology. This 14-hr course 
will be Sunday-Thursday. Registrants may enroll in other courses as 
well. 

Luncheon Sessions. Registrants may enroll in special luncheon 
sessions, Monday-Thursday. A box lunch will be provided. 


Exhibits 


Scientific Exhibits and Case of the Day Presentations will be 
Monday-Thursday, April 27-30. 
Commercial Exhibits will be open daily, Monday-Thursday. 


Local Activities 


General Reception. Tuesday evening, April 28, for all registrants. 

Golf Tournament. Monday, April 27, Turnberry Isle Country Club, 
North Miami Beach, FL. Transportation leaves the hotel at 11 a.m.; 
shotgun start at 1 p.m. 

Men's and Women’s Tennis Tournaments. Monday, April 27, Turn- 
berry Isle Country Club, North Miami Beach, FL. Transportation 
leaves the hotel at 11 a.m. 

Local Tours. Sunday, April 26, 6-10 p.m., Dinner Cruise and Show 
Aboard the Yacht THE SPIRIT; Monday, April 27, 9 a.m.—1 p.m., 
Tour of Miami and Bal Harbour Shopping Tour; Tuesday, April 28, 9 
a.m.—4 p.m., Parrott Jungle and Seaquarium; Wednesday, April 29, 
9 a.m.-1 p.m., Villa Vizcaya Tour; Thursday, April 30, 9 a.m.-1 p.m., 
Metro Zoo; 6:30-11:30 p.m., Les Violins Supper Club; Friday, May 
1, 9-11 a.m., Tour of Miami Beach. No refunds after April 15 (March 
20 for SPIRIT cruise). 


Meeting Registration 


Preregistration will be accepted until March 26. There will be on- 
site registration. Official badges and program books will be available 
at the registration desk, Fontainebleau Hilton Hotel. No confirmations 
will be maifed. 


Course Registration 


Register early—enrollment is limited. List first, second, and third 
choices for each period. Also, indicate whether you wish to take the 


categorical course. Deadline for mail registration is March 26. All 
ticket orders will be filled by postmark. Course tickets will not be 
mailed. Tickets will be available on and after Saturday, April 25 (after 
1 p.m.), at the ARRS registration desk in the Fontainebleau Hilton 
Hotel. There will be on-site registration for courses not already filled. 


Hotel Registration 


Reservations are handied by the ARRS Housing Bureau, Fon- 
tainebleau Hilton, Attn: Reservations, 4441 Collins Ave., Miami 
Beach, FL. 33140. These must be received by March 26. Make check 
payable to Fontainebleau Hilton Hotel. 


Fees 
Meeting: 
ARRS members and resident members............. No fee 
Nonmembers .......0.00000 0.00.0. cee cee eee $100 
Nonmember physicians in training (with verification) .. . . 25 
Categorical course (all who attend) ................ 75 
Luncheon sessions/each .........0...0..0.02.000. 10 
Golf tournament... 00.0 ee ee 65 
Tennis tournaments .......00 0.000000. 2 eee eee eee 50 
Local ToU os 2d tir ee ey Sie CEC e es 11-40 


Cancellations and Fee Refunds 


Fees will be refunded only if cancellation is received by April 19. 
send to American Roentgen Ray Society, 1891 Preston White Drive, 
Reston, VA 22091. 


Air Transportation 


Eastern Airlines will discount fares 60%. information: (800) 468- 
7022 outside Florida and (800) 282-0244 within Florida. Mention 
ARRS number EZ4P5. 

United Airlines is also offering discount fares. Call (800) 521-4041 
{48 contiguous states) or (800) 722-5243, ext. 6608 (AL, Hi). Mention 
ARRS number 7092H. 


Associated Meeting 


Society for Pediatric Radiology and European Society of Pediatric 
Radiology 

The inaugural conjoint International Pediatric Radiology '87 meet- 
ing will meet May 30—June 4, 1987, at the Westin Hotel, Toronto, 
Ontario, Canada. Registration is limited to pediatric radiologists. For 
details contact: Donald R. Kirks, M.D., Secretary, Society for Pediatric 
Radiology, c/o Dept. of Radiology, Childrens Hospital Medical Center, 
Elland and Bethesda Aves., Cincinnati, OH 45229, (513) 559-4880. 
The 1988 SPR meeting will again be held the weekend preceding the 
ARRS meeting. 
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Technical Note 





Stereoscopic Digital Subtraction Angiography of Hepatic 


Artery and Vein 


Teiyu Yamauchi, '? Shigeru Furui,"? Kuni Ohtomo,' and Yuji Itai’ 


The location of liver tumors has been determined angio- 
graphically by identifying hepatic arteries, tumor feeders, and 
portal branches. However, accurate localization of liver tu- 
mors near the porta hepatis may be difficult because of the 


A 


Fig. 1.—Localization of liver tumor. 


A, Hepatic angiography of 47-year-old man with liver cirrhosis showed 
hepatocellular carcinoma near porta hepatis. It was unclear whether tumor 


was in posterior segment of right lobe or in medial segment of left lobe. 
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overlapping of hepatic blood vessels. The right hepatic vein 
crosses the boundary of the anterior and posterior segments 
of the right lobe of the liver. More accurate localization can 
be achieved, therefore, when the three-dimensional relation- 





B and C, Stereograph of tumor stain and right hepatic vein clarified that 
tumor was behind right hepatic vein and located in posterior segment of 
right lobe of liver. A stereoscope may be used to achieve stereoscopy. 





1 Department of Radiology, Faculty of Medicine, University of Tokyo, 7-3-1 Hongo, Bunkyo-ku, Tokyo, Japan. 
2 Present address: Department of Radiology, National Defense Medical College 3-2, Nakimi, Tokorozawa, Saitama, Japan. Address reprint requests to T. 


Yamauchi. 


AJR 148:825-826, April 1987 0361-803X/87/1484-0825 © American Roentgen Ray Society 








826 YAMAUCHI ET AL. 





A 


Fig. 2.—Identification of branches of hepatic artery. 
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A, Hepatic angiography of 71-year-old man with hepatocellular carcinoma showed partially replaced right hepatic artery. It was unclear whether artery 


(arrow) was in anterior or posterior segment of right lobe of liver. 


B and C, Stereograph of hepatic arteries and right hepatic vein clarified that artery (arrow) was in posterior segment of right lobe of liver. 


ship of liver tumors, tumor feeders, and right hepatic vein is 
Clarified. We describe the efficacy of stereoscopy of hepatic 
arteries and veins in localization of liver tumors. 


Materials and Methods 


Digital subtraction angiography (DSA) of the hepatic artery and 
vein was performed after conventional hepatic angiography (proper 
hepatic arteriography and superior mesenteric portography) in 22 
patients with liver tumor, including hepatocellular carcinoma (19 pa- 
tients), cholangiocarcinoma (one patient), metastatic liver tumor (one 
patient), and cavernous hemangioma (one patient). 

In all patients, 30-45 frames were obtained at a rate of 2 to 3 
frames/sec on a General Electric DF 3000 unit (Milwaukee, WI). 
Contrast medium (8-12 ml of meglumine diatrizoate and sodium 
diatrizoate [Urografin 76]) was injected into the proper hepatic artery 
at a rate of 2-4 ml/sec, after which 12 ml were injected into the right 
hepatic vein at a rate of 6-8 ml/sec immediately after tumor stain 
had almost disappeared under fluoroscopy. This procedure was 
performed in anteroposterior and 6° right anterior oblique projection. 
Subtracting the hepatic arteriogram from the right hepatic venogram 
by the use of a remasking system (which can subtract any frame of 
DSA as a mask from any other frame), we obtained a stereograph of 





the hepatic arteries, right hepatic vein, and tumor stain. No special 
stereoscope was used to achieve stereoscopy. 


Results 


The stereographs were of adequate quality in all cases. 
Stereoscopy presented additional information on the localiza- 
tion of liver tumor in five cases (Fig. 1) and on the identification 
of branches of the hepatic artery in two cases (Fig. 2). 


Discussion 


In our cases, stereoscopy of hepatic arteries and veins 
made possible more accurate localization of liver tumors and 
was valuable when hepatic segmentectomy or subsegmen- 
tectomy was indicated. Only a small amount of contrast 
medium—50 ml at most—was used for DSA. This method is 
technically easy, and middle or left hepatic venography may 
be performed if necessary. The technique has also been 
applied successfully to preoperative percutaneous transhe- 
patic portography and cholangiography for stereoscopy of 
hepatic blood vessels and bile ducts. 
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Opinion 





“Cost-Effective”: A Trendy, Often Misused Term 


Peter M. Doubilet' 


“Cost-effective” has become a popular term in medicine, 
and it is appearing with increasing frequency in medical com- 
munications. Assertions that a particular medical procedure 
(diagnostic or therapeutic) is or is not cost effective have 
become commonplace. Equipment manufacturers tout the 
cost-effectiveness of products ranging from X-ray films to CT 
scanners. 

As physicians have begun to use more powerful and costly 
tools than ever before and to exert a greater financial impact 
on society, the public has taken a more activist role in over- 
seeing the medical profession. Two prominent examples of 
this changing relationship are increases in malpractice litiga- 
tion and institution of prospective-payment schemes that use 
Diagnosis-Related Groups. Actions such as these have put 
pressure on physicians to provide high-quality care while 
keeping costs reasonable. In this environment, it is not sur- 
prising that physician organizations and health-policy analysts 
have increasingly used cost-effectiveness analysis (CEA), a 
technique that considers both the health effects and the 
monetary costs of medical practices [1]. 

Unfortunately, the desire to use trendy terminology is not 
always matched by an effort to understand and properly apply 
the underlying concepts. “Cost-effective” is frequently used 
incorrectly (e.g., synonymously with either “cost-saving” or 
“effective”) or ambiguously [2]. In this commentary, |! will try 
to clarify the meaning of the term “cost-effective” and to dispel 
two common misconceptions related to it. My intention is 
neither to advocate nor to reject the use of CEA in medicine, 
but to improve communication by encouraging more precise 
use of an increasingly common term. 

Although many authors use the term “cost-effective” 
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loosely in the medical literature, it does have a well-estab- 
lished meaning [1]. To determine whether a medical proce- 
dure is cost-effective (or to select the most cost-effective 
procedure), one must answer three questions: How much of 
a health benefit does it provide? What is its monetary cost? 
Is achieving the benefit worth the expense? The first two 
questions are answered by data analysis: assessing the 
overall health effect and the monetary cost of each practice 
under consideration. Answering the third question requires a 
judgment: making an informed decision based on these costs 
and effects. 


Determination of Cost-Effectiveness 
Analytic Step 


Assessing the costs and health effects of a medical pro- 
cedure involves a careful analysis of data and sometimes 
requires sophisticated mathematical techniques. A detailed 
description of the analytic methodology is beyond the scope 
of this commentary. Instead, the process is illustrated by 
considering a specific example: mammographic screening for 
breast cancer (used in conjunction with physical examination). 
The societal cost of such a screening program includes the 
costs (not charges [3]) of mammography and physical ex- 
amination, as well as other “downstream” costs (e.g., costs 
of biopsy and surgery and savings resulting from treating 
cancer in earlier stages). The health effect of this screening 
program is best measured in terms of life expectancy, since 
other potential measures (e.g., cancer deaths averted, in- 
creased survival time after diagnosis) are either oversimplified 
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or plagued by important biases [4]. Determining the effect of 
screening on life expectancy requires data such as breast- 
cancer incidence rates, tumor-growth rates, sensitivity of 
mammography and of physical examination for tumors of 
various sizes, mortality rates of breast cancer in all of its 
stages, surgical mortality and complication rates, and rate of 
carcinogenesis due to radiation exposure. Eddy [4] used such 
data in a complex mathematical mode! and estimated that 
adding annual mammography to a program of annual breast 
physical examinations beginning at age 50 increases life 
expectancy by 22 days at a net cost of $1042 per person. 


Judgmentail Step 


The results of the analytic step allow one to make informed 
decisions based on data, instead of seat-of-the-pants deci- 
sions based on intuition. At times, the decision is straightfor- 
ward, when the program under consideration has been shown 
to both save money and provide a health benefit (or, if several 
programs are being considered, when a single one is the least 
costly as well as the most beneficial). More commonly, how- 
ever, no obviously correct conclusion follows from the data. 
Mammographic screening is one such case. Is the gain of 22 
days resulting from annual mammography worth its cost of 
$1042 per person? The value of Eddy’s analysis is not that‘it 
definitively answers the question about the cost-effectiveness 
of mammographic screening, but that it allows an informed 
debate. Furthermore, the data allow comparison of the cost- 
effectiveness of mammographic screening with that of other 
accepted programs that have been similarly analyzed (e.g., 
treating moderate hypertension [5)). 


Common Misconceptions About Cost-Effectiveness 


One common misconception concerning cost-effectiveness 
is that the analyst can ignore “downstream” costs and effects. 
In assessments of diagnostic testing, this misconception 
leads to cost-effectiveness analyses that fail to account for 
costs and effects of subsequent treatments (e.g., therapy 
started after true-positive or false-positive test results). These 
can be ignored only if two or more strategies are being 
considered and all have identical downstream costs and 
effects; this will not occur with diagnostic-testing strategies 
unless all have the same true- and false-positive rates. 

Why must downstream costs and effects be considered? 
Clearly, it is more cost effective to perform test A for a disease 
that has an inexpensive and effective treatment than to per- 
form test B, which has the same cost, sensitivity, and speci- 
ficity but is applied to a disease whose treatment is expensive 
and/or ineffective. in the previous mammography example, 
accounting only for the cost of diagnostic testing would ignore 
any monetary advantage of treating breast cancer early in its 
course. Furthermore, a dollar spent on a mammogram is 
equivalent to a dollar spent on Subsequent tumor surgery; it 
is illogical to include one and exclude the other. 

The failure to consider downstream costs and effects oc- 
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curs all too often in the radiologic literature. For example, an 
assessment of the cost-effectiveness of cranial CT in diag- 
nosis of headaches failed to consider costs, benefits, and 
risks of subsequent treatments [6]. It is hoped that this pitfall 
will be avoided in the cost-effectiveness analyses of MR 
imaging that will probably appear in the near future. 

A second common misconception involves the “cost-effec- 
tiveness ratio,” or ratio of monetary cost to health effect. It is 
often incorrectly assumed that the following simple rule can 
be used to guide decision-making: when deciding among 
several medical procedures, choose the one with the lowest 
cost-effectiveness ratio, since that practice yields the greatest 
benefit per dollar spent. Unfortunately, this apparently 
straightforward approach to decision-making is completely 
invalid [2]. In the setting of diagnostic tests, this misconcep- 
tion often takes the form of advocating the test with the 
lowest cost-per-case-detected ratio (cost of performing the 
test in a particular population, divided by the number of 
diseased individuals found by the test). Selecting a test on 
the basis of the cost-per-case-detected ratio is inappropriate 
in that the ratio ignores sequelae of false-positive test results, 
as well as other downstream costs and effects. Furthermore, 
this approach to test selection has no theoretical justification 
and is likely to lead to aberrant results: for example, a $10 
test with a sensitivity of only 20% (cost-per-case-detected of 
$50) would be selected by this rule over a $100 test with a 
sensitivity of 95% (cost-per-case-detected of $105). Despite 
these major flaws, reliance on such ratios for making choices 
is common [6, 7]. 


Conclusion 


The proper use of the term “cost-effective” requires both a 
careful analysis and difficult (and often controversial) tradeoffs 
between dollars and health. Anyone who has not carried out 
the former, or who is unwilling to consider the latter, should 
avoid using the term. The current debate concerning cost- 
containment and proper use of new technologies would be 
improved if the term “cost-effective” were used less frequently 
but more accurately. 
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Retroperitoneal Compartmental Anatomy 


In their recent Commentary about our pictorial essay on retroperi- 
toneal compartmental anatomy [1], Rubenstein and Whalen [2] raise 
several points that merit additional discussion. These authors cited 
evidence to (1) document the preservation of a distinct anterior renal 
fascia that forms the posterior boundary of an anterior pararenal 
space, and (2) suggest the existence of free communication between 
the pancreaticoduodenal and colonic retroperitoneal space. Although 
Gerota [3] suggested that the anterior renal fascia may commonly 
fuse with the primary posterior peritoneum, we fully accept the notion 
that a virtual anterior pararenal space (which does not contain ali- 
mentary-tract structures) could readily become distended with fluid 
or gas in specific clinical or experimental conditions. Such a notion is 
well within the realm of conventional embryologic principles. Gener- 
ally, however, anatomists describe the anterior renai fascia as a flimsy 
structure, compared with the tough posterior renal fascia [3, 4]. Our 
main contention is not the absence of an anterior renal space, but 
rather that the anterior pararenal space does not contain alimentary- 
tract structures. 

In our report, we suggested that the anterior retroperitoneal re- 
gions, which contain the pancreas-duodenum and lateral portions of 
the colon, respectively, develop as separate spaces that may com- 
municate along the transverse attachment of the mesocolon with the 
posterior abdominal wall, but are otherwise generally distinct. In our 
view, this proposition is supported by evidence from the anatomic [4] 
and surgical literature, as well as by certain CT findings that suggest 
that the pancreaticoduodenal. and colonic retroperitoneal spaces 
often remain as separate compartments. Notwithstanding, we have 
no qualms conceptually with the possibility that partial reabsorption 
of folded leaves of mesentery might cause direct communications 
between the embryologic pancreaticoduodenal and colonic retroper- 
itoneal spaces in many individuals. 

To summarize, we concede that in many, or perhaps most, sub- 
jects (1) an anterior pararenal space may persist, and (2) the pancre- 
aticoduodenal and colonic retroperitoneal spaces may communicate 
freely. However, these concessions do not circumvent the fundarnen- 
tal conceptual dilemma associated with the currently accepted prop- 
osition that retroperitoneal alimentary-tract structures lie within an 
anterior pararenal space, which is demarcated posterolaterally by the 
anterior and lateroconal renal fasciae. The current debate about 
retroperitoneal compartments revolves exclusively around an alleged 
anterior pararenal space that contains. alimentary-tract structures. 

The main feature of the hypothesis presented in our report is that 
the domain of the primary retroperitoneum that contains the kidneys 





and adrenals is distinct from the intermesenteric domain that contains 
all alimentary-tract structures. Embryologically, these two domains 
meet only at the root of the dorsal mesentary. If this scenario is 
correct, how can any configuration or variation of the renal fasciae 
demarcate an anterior pararenal space that contains alimentary-tract 
structures and is bound dorsolaterally by the anterior renal and 
lateroconal fascia? The proposal of a “fusional fascia,” composed of 
dorsal mesentery, primary dorsal peritoneum, and anterior renal 
fascia, does not explain satisfactorily how the pancreas, duodenum, 
and lateral portions of colon might come to lie dorsal to the primary 
dorsal peritoneum. 

Three possibilities seem to exist concerning the potential adult 
relationship of retroperitoneal alimentary-tract structures to the pri- 
mary dorsal peritoneum: (1) the primary posterior peritoneum is 
resorbed, (2) some alimentary-tract structures migrate dorsal to the 
primary posterior peritoneum, or (3) alimentary-tract structures invar- 
iably remain ventral to the primary posterior peritoneum. Either of the 
first two possibilities is consistent with the development of an anterior 
retroperitoneal space that contains alimentary structures. and is 
bound posteriorly by renal fasciae. To our knowledge, however, 
current embryologic evidence indicates that the tough primary dorsal 
peritoneum is not absorbed, and a mechanism is not known whereby 
alimentary structures migrate dorsal to an intact primary dorsal 
peritoneum. We base our hypothesis on the third possibility, namely, 
that all alimentary structures remain ventral to the primary posterior 
peritoneum. If so, the renal fasciae that develop in the domain of the 
primary retroperitoneum cannot demarcate any space that contains 
alimentary-tract structures. 

Ultimate resolution of the current controversy about the boundaries 
and contents of the anterior pararenal space requires full recognition 
of established embryologic principles as well as anatomic findings. 
Embryology as well as anatomy must be served. 

Wylie J. Dodds 
Medical College of Wisconsin 
Milwaukee, WI 53226 
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Densitometric Screening for Osteoporosis 


In the December issue of the AJA, Sartoris and Resnick comment 
on densitometric screening for osteoporosis [1]. The letter is critical 
of two recent articles in the internal medicine literature, which they 
discuss [2, 3]. As the radiologist colleague of one of the authors 
[3], | feel compelled to respond to their letter. 

Sartoris and Resnick state that there are merits for large-scale 
screening of perimenopausal and postmenopausal women for osteo- 
porosis, such as making women aware of the significance of the 
problem and investigating the effect of various therapies on treatment 
or prevention of the disease. These goals are certainly meritorious, 
but they do not answer the objections of the other writers [2, 3] who 
simply state that the current methods of measurements are imprecise 
and need to be refined further before they are expanded from the 
research arena into the mainstream of medical practice. Unfortu- 
nately, there has been a recent proliferation of bone-mineral diagnos- 
tic centers, presumably set up for profit and not on the basis of 
scientific research. 

The role of the radiologist and the nuclear medicine physician in 
this area should be to point out the limitations of the current meas- 
uring methods and to help develop more sensitive methods of meas- 
urement for the future. Determination of the effects of various treat- 
ments will require years of study to separate the significant biologic 
effects from any possible measurement errors and biologic variability 
in response. 

The authors [1] admit that the long-term precision of existing 
densitometric measurements may not be perfect. This fact is signifi- 
cant for the individual patient who wishes to have a bone-mineral 
measurement. A young woman may have a “normal” value on a single 
measurement, yet be at risk for developing postmenopausal osteo- 
porosis. Similarly, an elderly woman may have a density number in 
the osteoporotic range and never have a fracture. 

The goals of Sartoris and Resnick of making women aware of the 
problem can be achieved through public service campaigns, encour- 
aging women to maintain a moderate calcium intake and moderate 
exercise throughout adult life. Similarly, some patients and physicians 
may choose a low-dose estrogen therapy as a preventive measure 
at the time of menopause. 

All other recommendations and measurements are highly specu- 
lative at this time and deserve objective scientific analysis before they 
are “sold” to the public as significant diagnostic and therapeutic 
measures. 

Ray F. Kilcoyne 
University of Washington School of Medicine 
Seattle, WA 98195 
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Reply 


The specific points raised by Kilcoyne in his letter concerning 
densitometric screening for osteoporosis are certainly well taken. We 
completely agree that refinement of current methods for bone-mass 
measurement is necessary. Ongoing research at our institution has 
been directed toward the development of new techniques for bone 
densitometry that overcome many of the problems inherent in existing 
approaches. One of these has been the successful application of 
three-dimensional histogram analysis to quantitative CT of the prox- 





SAN EEA SETDA BBB SR ER Ae 9 OF REA 








AJR: 148, April 1987 


imal femur and spine [1-3]. More recently, testing of a new prototype 
dual-energy projection radiographic system that resembles one used 
previously by one of the authors for mineral determinations in the 
femoral neck [4, 5] has been initiated. While we agree that years lie 
ahead in the optimization of noninvasive bone densitometry for the 
Clinical follow-up of disease progression and/or therapeutic response, 
it is hoped that these and other innovative techniques will afford 
improved sensitivity and long-term reproducibility as compared with 
singie-photon absorptiometry, dual-photon absorptiometry, and sin- 
gie-slice quantitative CT. 

We would like to emphasize in response to Kilcoyne’s letter that 
the limitations inherent in existing densitometric techniques are not a 
legitimate argument against screening for osteoporosis. An imperfect 
approach to a problem is always better than simply leaving the 
problem unsolved and often leads to development of better methods. 
Had we waited for MR imaging to be designed before investigating 
intracranial disease, countless patients would have been deprived of 
the beneficial diagnostic insight afforded previously by pneumoen- 
cephalography, radionuclide brain scanning, and CT. 

in general, we agree with the remaining statements made by 
Kilcoyne, except for his use of the term “sell.” As physicians, it is our 
duty to serve rather than “sell to” the public. Objective scientific 
analysis by the medical profession should lead to the development of 
significant diagnostic and therapeutic methods that improve the 
health of our society. Motives of profit and other personal gain only 
detract from the credibility of our field and create skepticism among 
patients. It is indeed unfortunate that the issue of densitometric 
screening for osteoporosis has already been clouded by these objec- 
tionable incentives. 

David J. Sartoris 

Donald Resnick 

University of California, San Diego, Medical Center 
San Diego, CA 92103 
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Malpractice and Radiologists, Update 1986 


As a board-certified radiologist who has law school education, | 
read with great interest the article on malpractice by Berlin [1]. 
Certainly, his work and the contributions by other investigators in this 
field have added greatly to our appreciation of what is probably the 
most ubiquitous and pervasive problem today in the practice of 
radiology. However, the guidelines designed to assist the radiologist 
in minimizing errors, as presented in the article, have given me pause 
for concern. 

The distinction between guidelines 1 and 2, acquiring and main- 
taining adequate knowledge before interpreting specific radiographs, 
and not attempting to interpret radiologic studies in areas in which 
the radiologist does not feel competent, appears vague. In addition 
to expressing essentially subjective criteria (e.g., feel competent), 
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these guidelines suggest that some radiologists knowingly interpret 
Studies without possessing adequate levels of knowledge or com- 
petence and that there are enough such radiologists to affect signifi- 
cantly this issue. | do not believe, perhaps naively, that such caveats 
are either necessary or serve the profession well, and | do believe 
that they may actually work to the detriment of the profession’s 
image. With regard to the interactions of adequacy/competence and 
radiologic misses, | would have preferred to see statistics that com- 
pared errors among three groups: board-certified vs non—board- 
certified radiologists, fellowship-trained vs non-fellowship-trained ra- 
diologists, and radiologists vs nonradiologists. These data would be 
more valuable for establishing objective guidelines. 

Guideline 3 (spending enough time to properly give a complete 
interpretation}, also subjective and open to negative interpretation, is 
difficult to reconcile in the face of the study by Lehr et al. [2]. Similarly, 
guidelines 4 and 5 (making comparisons with previous radiologic 
studies and reports, and having adequate clinical information) are of 
dubious benefit according to Smith [3]. 

Guidelines 6 and 7 (making sure radiographs are of good quality 
and discussing the radiographic findings with the referring physician 
whenever possible) appear to be the most useful, not only for 
minimizing errors but also for documentation of cases. The legal mind 
views the hard copy not merely as a diagnostic too] but as a record 
constituting evidence admissible in a court of law. With that in mind, 
| feel that guideline 7 should be amended to include documentation 
of the discussion with the clinician. 

How to decrease our error rate is obviously of major importance 
to all of us, but the quoted studies appear to suggest that this will 
not be easy. Until a method is found, | believe that, as a group, the 
best that we can do for ourselves, our patients, and our referral 
sources is to ensure that we adequately document the careful 
thoughts, good quality studies, and extrinsic data employed in arriving 
at our diagnostic and therapeutic decisions. If indeed we cannot 
achieve perfection, then let us be able to document that the error 
made, if any, was nonnegligent. 

Documentation is the most important factor for a successful med- 
ical malpractice defense. 

Michael Applebaum 
Medical and Consulting Services 
Chicago, IL. 60605 
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Reply 


The seven common sense guidelines listed in my article constitute 
an answer to the radiologist who might ask, “How can I best avoid 
getting sued for radiologic malpractice?” | did state in the article that 
“following these guidelines cannot ensure the elimination of or even 
a decrease in errors, but not following them most likely will result in 
an increase.” The admonition (guidelines 1 and 2) not to interpret 
radiographs without possessing adequate knowledge and compe- 
tence is directed to those radiologists who may be tempted to 
interpret a radiologic study, perhaps a sonogram, a CT or MR scan, 
or an arteriogram, without having sufficient training or experience. i 
see no basis for Dr. Applebaum’s conclusion that these guidelines 
“tend to promote the impressions that some radiologists knowingly 
interpret studies without possessing adequate levels of knowledge,” 
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and | disagree that they “work to the detriment of the profession’s 
image.” 

lam not.aware of any published reports that compare the perform- 
ances of radiologists who are board certified vs those who are not, 
or who have fellowship training vs those who have not. Such data 
would be interesting, but | would suspect that there are not significant 
differences, since Lehr found no significant difference in performances 
in a large university radiclogy department among junior and senior 
radiology residents, and staff radiologists. A study comparing the 
error rates of radiologists vs error rates of nonradiologists would be 
quite helpful, but | know of none at this time. 

Documentation is, of course, important from a medical—legal stand- 
point. It is our duty to provide referring physicians with a report that 
clearly, succinctly, and accurately reflects our professional opinion of 
the radiologic study being evaluated. Yes, we should be aware that 
any of our reports might some day appear in court as evidence in a 
malpractice lawsuit. But let us also keep in mind that radiologic 
reports are written by physicians for physicians; they are not meant 
to be, nor need they be, legal treatises. | frankly do not know when, 
how, or where, to document the thought processes that our minds 
are constantly registering and refining when we interpret radiographs. 
If we make a diagnostic error, we shall have to defend it after the 
fact as best we can; | do not think it possible to document it as “non- 
negligent” in advance. 

| also do not think it necessary or wise to document routinely our 
discussions with referring physicians. Radiologists must maintain 
good professional and personal relationships with their colleagues, 
and it does not strengthen these relationships if the radiologist keeps 
a written log and transcript of every conversation held with another 
physician, even if he has the time to do it. In a given instance wherein 
the radiologist has reason to believe there is a medical complication 
or untoward event, however, and if he feels the referring physician is 
not responsive to his oral or written opinion, then perhaps a written 
memo to document the disagreement might be advisable. 

Although everything we do in radiology may some day be scruti- 
nized by a lawyer, | believe the radiologist must still practice with a 
medical perspective, not a legal one. There is yet sufficient fun and 
challenge in radiology for the overwhelming majority of us to consider 
the practice of the profession as enjoyment. If we are eventually 
required to have all of our medical reports and conversations with 
referring physicians meet strict legal specifications, then unfortunately 
that enjoyment will be reduced to drudgery. 

Leonard Berlin 
Skokie Valley Hospital 
Skokie, IL 60076 


Sonographic Appearance of Klatskin Tumors 


The September 1986 issue of AJR contained an interesting, well- 
documented article by Machan et al. [1] detailing the sonographic 
appearance of Klatskin tumors. The article stresses the importance 
of a careful, thorough search for hilar cholangiocarcinoma “whenever 
dilated intrahepatic bile ducts are encountered in a patient with a 
normal extrahepatic biliary tree.” 

We read with great interest the authors’ differential diagnosis for 
the sonographic demonstration of dilated intrahepatic ducts in the 
face of normal extrahepatic bile ducts. We agree with the inclusion 
of such entities as sclerosing or suppurative cholangitis, benign 
strictures, proximal spread of cholangiocarcinoma, metastatic lesions, 
and extrinsic compression. However, we would add choledocholithi- 
asis to the list. 

Careful sonographic scrutiny of patients with dilated intrahepatic 
and normal extrahepatic biliary systems may yield focal echoes and 
acoustic shadowing indicative of intraductal calculi. In Figure 1, an 
obstructing stone is shown near the junction of the right and left 
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hepatic bile ducts. CT has on occasion proved helpful in documenting 
intrahepatic biliary stones (Fig. 1B). However, a subtle infiltrating 
tumor cannot be excluded. We contend that intrahepatic biliary stones 
should be included in the differential diagnosis when the sonographic 

findings suggest early Klatskin tumor. 
Bruce C. Carter 
James G. Bova 
The University of Texas Health Science Center 
San Antonio, TX 78284 
Sanford T. Ries 
Baptist Memorial Medical Center, 
San Antonio, TX 78286 
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Reply 


We appreciate the comments of Carter et al. regarding our paper 
on Klatskin tumors. We did not include intrahepatic ductal calculi in 
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Fig. 1.—A, Right upper quadrant sonogram. Calculus 
is seen (arrow) at bifurcation of common hepatic duct. 
No dilation was seen below this. 

B, Abdominal CT. Scan through level of bifurcation 
shows Calcification (arrow) within calculus. 


the differential diagnosis of hilar cholangiocarcinoma because intra- 
hepatic calculi are generally obvious. Calculi can easily be missed in 
the more distal extrahepatic bile ducts. However, in the liver, the 
surrounding parenchyma makes them obvious, and it takes virtually 
no experience or expertise to diagnose these. 

When there are intrahepatic calculi, especially with segmental 
biliary obstruction, one must suspect a stenosis just distal to the 
calculi. Otherwise, the calculi should pass into the extrahepatic duct 
and cause more distal obstruction. We have seen several cases of 
intrahepatic ductal calculi and these were related to benign strictures 
of lobar or segmental ducts. Carter et al., however, are correct in 
pointing out that our statement should have been “Whenever dilated 
intrahepatic bile ducts are encountered in a patient with a normal 
extrahepatic biliary tree and no evidence of intrahepatic ductal cal- 
culi,” a Klatskin tumor should be considered. 


Peter L. Cooperberg 

Lindsay Machan 

The University of British Columbia 
Vancouver, B.C., Canada V5Z 1M9 
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Radiology Update 1987 


The Indiana University School of Medicine and the Dept. of Ra- 
diology will sponsor a course, Radiology Update 1987, on May 6-8, 
at the Hyatt Regency, Indianapolis, IN. Information: Cathy Limbach, 
Continuing Medical Education, Indiana University School of Medicine, 
Medical Educational Resources Program, BR156, 1226 W. Michigan 
St., Indiana University Medical Center, Indianapolis, IN 46223; (317) 
274-8353. 


1987 Topical Conference on Fast MR Imaging 
Techniques 


The Dept. of Radiology, University Hospitals of Cleveland, OH, will 
sponsor a conference on fast MR imaging techniques on May 15- 
17. Information: Mark Haacke, Ph.D., University Hospitals of Cleve- 
land, Dept. of Radiology, 2074 Abington Rd., Cleveland, OH 44106; 
(216) 844-7750. 


Computed Tomography and Magnetic Resonance 
Imaging 


The University of Michigan Medical School will sponsor a course 
in CT and MR imaging on May 20-22, at the Towsley Center for 
Continuing Medical Education in Ann Arbor, MI. The course will 
consist of didactic lectures interspersed with workshops, providing 
informal interchange between small groups and faculty members. On 
Friday, May 22, there will be a day-long program designed specifically 
for technologists, providing lectures and hands-on demonstrations. 
Guest faculty: J. T. Ferrucci, E. K. Fishman, J. K. T. Lee, A. J. 
Megibow, P. M. Som, and E. A. Zerhouni. Category 1 credit: 22.5 hr. 
Credits have been applied for from the American Osteopathic Asso- 
ciation. Fees: 3-day course, $335; 1-day course, $125; physicians- 
in-training and allied health course, $250; 1-day technologist program, 
$95. Information: Betty Phillips, Office of Continuing Medical Educa- 
tion, The University of Michigan Medical School, Towsley Center, 
Box 0201, Ann Arbor, MI 48109-0201; (313) 763-1400. 


Emergency Radiology 1987 


The annual Harvard Medical School Postgraduate course, Emer- 
gency Radiology 1987: Update on Imaging Traumatic and Non- 
Traumatic Emergencies, CT of Trauma, will be held May 27-29 in 
Boston, MA, sponsored by Massachusetts General Hospital. Fee: 
$390: physicians; $290: residents and fellows. Information: Dept. of 
Continuing Education, Harvard Medical School, Boston, MA 02115; 
(617) 732-1525. 


American Society of Head and Neck Radiology 


The 18th annual conference and postgraduate course in head and 
neck radiology will be held May 28-31, in Milwaukee, WI, at the 
Pfister Hotel. Didactic sessions will cover pharynx, larynx, neck, 
temporal bone, orbit, sinuses, temporomandibular joint, vascular 
lesions, and cranial nerves. Two afternoons will be devoted to free 
papers. Category 1 credit: 22 hr. Fee: $275: ASHNR members; $325: 
nonmembers; $175: residents and technologists; $100 daily registra- 
tion. Information: Kay Shaffer, M.D., Dept. of Radiology, 8700 W. 
Wisconsin Ave., Milwaukee, WI 53226; (414) 257-5200. 


MGH/Harvard Postgraduate MRI Course 


The fifth annual MRI postgraduate course sponsored by Massa- 
chusetts General Hospital and Harvard University will be held June 
3-5, in Cambridge, MA. This symposium will present NMR principles 
and clinical applications in lectures and workshop format. The course 
is geared toward new or potential users of an MR imaging system. 
Also, new techniques, such as surface-coil imaging will be addressed. 
Category 1 credit: 16 hr. Fee: $375: physicians; $275: residents and 
fellows. Information: Thomas J. Brady, M.D., Director of NMR, Mas- 
sachusetts General Hospital, Boston, MA 02114. 


Practical Aspects of Mammography 


Waterbury Hospital Health Center will sponsor a mammography 
course with practical orientation that is not modality restricted on 
June 6-7, at the Halloran House in New York, NY. Guest faculty: M. 
Homer. Category 1 credit by the American College of Radiology: 9 
hr. Fee: $275. Information: Dr. Nancy Allen, Dept. of Radiology, 
Waterbury Hospital Health Center, 64 Robbins St., Waterbury, CT 
06721; (203) 573-7124. 


Diagnostic Imaging Seminar: an Imaging Spectrum 
Analysis 


The Dept. of Radiology of the Hospital of the University of Penn- 
sylvania will sponsor its ninth annual diagnostic imaging seminar from 
July 6-10, at Martha’s Vineyard, MA. Guest faculty: E. G. Grant and 
J. F. Simeone. Category 1 credit: 22 hr. applied for. Information: Ms 
Janice Ford, CME Coordinator, Dept. of Radiology, Hospital of the 
University of Pennsylvania, 3400 Spruce St., Philadelphia, PA 19104; 
(215) 662-6904. 
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Body Imaging: Ultrasound and Computed 
Tomography Course 


The Dept. of Radiology of the Medical Center Hospital of Vermont 
will sponsor a course in body imaging with ultrasound and CT on 
July 17-19, at Stowe, VT, at Topnotch. Category 1 credit: 12 hr. 
Fee: $215: physicians; $195: residents. Information: Carol McClure, 
Coordinator, Dept. of Radiology, Medical Center Hospital of Vermont, 
Burlington, VT 05401; (802) 656-3592. 


Symposium on Diagnostic Imaging 


The Rhode Island Hospital.and Brown University will hold its eighth 
annual symposium on diagnostic imaging on August 10-13, in New- 
port, Ri. Category 1 credit: 16 hr. Fee: $450. Information: Sandra 
Moran, Radiology Dept., R. I. Hospital, 593 Eddy St., Providence, Ri 
02902; (401) 277-4707. 


Diagnostic Ultrasound Course 


The Dept. of Radiology and Office of Continuing Medical Education 
at the University of Michigan Medical School will sponsor its 10th 
annual course in diagnostic ultrasound on Sept. 17-19, at the Tows- 
ley Center, Ann Arbor, MI. Guest faculty: J. Birnholz, P. Cooperberg, 
E. A. Lyons, L. A. Mack, and M. D. Rifkin. Course director: T. M. 
Silver. Category 1 credit: 15 hr. Fee: $295. Information: Jolene 
Glaspie, Office of Continuing Medical Education, The University of 
Michigan Medical School, Towsley Center, Box 0201, Ann Arbor, MI 
48109-0201; (313) 763-1400. 


Society for Medical Decision Making Meeting 


The ninth annual meeting of the Society for Medical Decision 
Making will be held Oct. 12-14, at the Sheraton Society Hill Hotel, 
Philadelphia, PA. The meeting will be preceded on Oct. 11 with two 
short courses in medical decision making at the hotel. Co-chairmen 
of the meeting: J. S. Schwartz and A. B. Cohen. Category 1 credit 
available for courses. information for abstract submission, student 
paper competition, short courses, and meeting registration: John C. 
Tomeny, Administrator, Society for Medical Decision Making, 1 Main 
St., P.O. Box 447, West Lebanon, NH 03784-0447; (603) 298-9929 
or Compuserve 76377,1202. 


Neuroradiology and Head and Neck Radiology 
Course 


Harvard Medica! School will offer a postgraduate course on basic 
review and latest developments in neuroradiology and in head and 
neck radiology on Oct. 12-16, at the Lafayette Hotel, Boston, MA. 
Category 1 credit: 40 hr. Fees: combined course, $500 (physicians), 
$400 (residents and fellows); neuroradiology (Oct. 12-14), $400; 
neck radiology (Oct. 15-16), $250. Information: Harvard Continuing 
Education, Boston, MA 02114; (617) 732-1525 or Paula F. Payne, 
Postgraduate Education Coordinator, Massachusetts General Hos- 
pital, Boston, MA 02114; (617) 726-8395. 


Current Trends in Diagnostic Radiology, 
Intervention, and Cross-Sectional Imaging— 1987 


Massachusetts General Hospital will sponsor a course in current 
trends in diagnostic radiology, on Oct. 19-22. Category 1 credit: 28 
hr. Fee: $425. Information: Harvard Medical School, Dept. of Contin- 
uing Education, Boston, MA 02115; (617) 732-1525. 
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Breast-imaging Workshop 


Massachusetts General Hospital will sponsor a breast-imaging 
workshop on Oct. 23. Category 1 credit: 7 hr. Fee: $125. Information: 
Harvard Medical School, Dept. of Continuing Education, Boston, MA 
02115; (617) 732-1525. 


Societies Elect Officers 


The Society of Breast Imaging elected the following officers at its 
annual meeting: Marc J. Homer, President; Carl J. D’Orsi, Vice- 
President; Harold Moskowitz, Secretary-Treasurer. 

The Minnesota Radiological Society, Inc. announces the following 
officers for 1987: David F. Reese, President; Cornelius W. Wiens, 
President-Elect; Spencer L. Robnik, Secretary-Treasurer. 


Meeting and Course Review 


For reader convenience, a summary of upcoming meetings and 
courses is provided. Detailed listings are given in-the AJR issue noted 
in parentheses. 


UC San Diego Courses; Physicians Imaging Courses 1987, times 
arranged, San Diego, CA (Nov) 

UC San Diego Visiting Fellowships in MR Imaging, times arranged, 
San Diego, CA (Feb) 

The Pacific Radiological Institute Courses, Honolulu, HI (weekly 
courses) Feb.—April (Dec) 

Society of Computed Tomography Meeting/Course, March 30- 
April 3, San Diego, CA (Dec) 

Alexandria International Conference on Laryngeal Cancer, April 
1-2, Alexandria, Egypt (Sept) 

Hyperthermia, April 1~3, Philadelphia (Feb) 

intrauterine Diagnosis and Treatment: the New Frontier, April 2- 
4, San Diego, CA (Nov) 

Ultrasound Symposium, April 3-5, Greensboro, NC (Feb) 
Differential Diagnosis and Treatment: the New Frontier, April 3-5, 
Ann Arbor, MI (Jan) 

Mammography Courses, April 6-9, May 18-21, Oct. 5-8, Nov. 2- 
5, Boston, MA (Jan) 

Quantitative Thallium Myocardial Tomography, April 6-7, May 18- 
19, Atlanta, GA (March) 

American Radium Society Meeting, April 6~10, London (Aug) 
Uitrasound 1987, April 7~10, Boston, MA (March) 

Annual Meeting, National Council on Radiation Protection and 
Measurements, April 8-9, Bethesda, MD (Sept) 

The Johns Hopkins Medical Institutions Courses in Abdominal 
and Obstetric Ultrasound: Advanced Obstetrics and Gynecology, 
April 8-10;. Basic Practicum, May 11-15, Nov. 16-20; Advanced 
Practicum in Ultrasound, Dec 7-11, Baltimore, MD (Feb) 
Advances in MR imaging, April 13-16, Lake Buena Vista, FL (Feb) 
Diseases and Imaging of the Spine, April 17-18, Lake Buena Vista, 
FL (Feb) 

San Diego Residents’ Radiology Review Course, April 19-24, San 
Diego, CA (March) 

Clinical Nuclear Medicine 1987, April 20-23, Boston, MA (March) 
Radiation Therapy Clinical Research Seminar, April 23-25, Gaines- 
ville, FL (Dec) 

Nuclear Medicine 1987, April 27-30, New York, NY (Feb) 

The Profession of Medical Physics, April 29-May 1, Lake Tahoe, 
CA (Jan) 
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Diagnostic Ultrasound Conference and Post Conference Seminar, 
May 1-3, May 5~9, Los Angeles, CA (Feb) 

Nuclear Medicine, May 3, Pittsburgh, PA (Feb) 

Radiology Review Course, May 3-5, Miami Beach, FL (Feb) 
Surgical Neuroangiography, May 4-8, New York, NY (Jan) 
Refresher Course in Diagnostic Roentgenology, May 4-8, Cincin- 
nati, OH (March) 

University of Texas Continuing Medical Education, Advanced 
Radiologic Health, May 11-15; Radiation Safety Officer’s Course, 
May 18~22, San Antonio, TX (Sept) 

Echocardiography 1987, May 14~16, Cambridge, MA (Jan) 
International Nijmegen Vascular Symposium: Angioplasty, Vas- 
cular Surgery, Combined Approach, May 15-16, Nijmegen, The 
Netherlands (Feb) 

International Continuing Medical Education Series: Topic to be 
announced, May 20-26, Bermuda; Topic to be announced, June, 
ireland; Topic to be announced, July 24-30, Pebble Beach, CA; 
Topic to be announced, Aug., Gstaad, Switzerland (Oct) 
Fleischner Society Annual Symposium, May 21-23, San Francisco, 
CA (July) 

Cardiovascular and Interventional Radiology and New Imaging 
Modalities, May 25-29, Sardinia, Italy (March) 

1987 Radiology Congress, Lisbon, May 31-—June 6 (Aug) 

Society of Nuclear Medicine Annual Meeting, June 2-5, Toronto, 
Ontario, Canada (Dec) 

The American Board of Radiology Examinations. Oral examina- 
tions: June 8-12, 1987; May 23-27, 1988; June 5~9, 1989, all at 
Louisville, KY. Written. examinations: Oct. 8-9, 1987; Oct. 6-7, 
1988; Oct. 5-6, 1989 (Dec) 

international Congress on Medical Ethics, June 9-12, New York, 
NY (March) T 
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interventional Radiology, June 11-13, Minneapolis, MN (March) 
Euroson '87, June 14-18, Helsinki, Finland (Sept) 

International Conference on Computer Assisted Radiology. July 
1-4, West Berlin (Feb 1986) 

Masters international Diagnostic Radiology Conference, August 
23-28, Paris, France (March) 

Sarcoidosis and Granulomatous Disorders, Sept. 6-11, Milan, Italy 
(June) 

Radiology in Yorkshire, Sept. 13-20, Yorkshire, England (March) 
The Asian-Oceanian Congress of Radiology, Sept. 21-25, Seoul, 
South Korea (Nov) 

International Workshop on Bone and Soft Tissue Densitometry, 
Sept. 22-25, Buxton, Derbyshire, UK (March) 

Congress on Ultrasonic Examination of the Breast, Oct. 3-5, New 
Orleans, LA (Feb) 


AJR carries announcements of courses, symposia, and 
meetings of interest to its readers if received a minimum of 5 
months before the event. There is no charge; receipt of items 
by the AJA Editorial Office is not acknowledged. Submit items 
for publication typed double spaced. Provide title, date, toca- 


tion, brief description, sponsor, course directors, fees, cate- 
gory | credit, and address and telephone number for additional 
information. Faculty from the host institution will not be listed. 
Guest faculty names will appear only if initials are provided. 
Mail news items to AJR Editorial Office, 2223 Avenida de la 
Playa, Suite 200, La Jolla, CA 92037. 





Classified Advertising 


Positions Available 


CHIEF OF RADIOLOGY HARBORVIEW MEDI- 
CAL CENTER—The University of Washington 
School of Medicine, Seattle, WA invites nomina- 
tions and applications for the position of Chief of 
Radiology at the Harborview Medical Center, a 
University of Washington teaching Hospital. We 
seek an experienced physician/administrator with 
strong commitment to academic radiology, patient 
care, and teaching. The candidate must be board 
certified by the American Board of Radiology and 
meet the academic requirements for Professor or 
Associate Professor at the University of 
Washington School of Medicine. The individual 
chosen as Chief of Radiology will be responsible 
for all professional radiologic and nuclear 
medicine services and must have the vision, vigor, 
and wili to build an academic radiology program 
commensurate with the mission of the Harborview 
Medical Center. The University of Washington 
School of Medicine is an equal opportunity 
employer. Please send CV to Charles A. 
Rohrmann, Jr, M.D., Professor of Radiology, 
Chairman HMC Radiology Search Committee, 
University of Washington, SB-05, Seattle, WA 
98195. 12a 


TWO POSITIONS AVAILABLE—Immediately: 
General Radiologist, prefer CT/Ultrasound fellow- 
ship. Available in July 87: MRI specialist. Contact 
J.J. Parker, M.D., PO. Box 857, Ross, CA 94957. 
4-5a 


WANTED—GENERAL RADIOLOGIST to join a 
group practicing in a major tertiary care and a 
small community hospital. Applicants must be 
board certified and have had postresidency or 
fellowship experience. Send CV to Jalil Farah, 
M.D., Director, Diagnostic Radiology, William 
Beaumont Hospital, 3601 W. 13 Mile Rd., Royal 
Oak, MI 48072. 4-6a 


DIAGNOSTIC RADIOLOGISTS SOUGH T—In an- 
ticipation of a planned clinical expansion with a 
complete, newly equipped 12-room radiology ser- 
vice, this medical center is actively recruiting staff 
radiologists. We have openings for board-certified 
radiologists with experience in CT, ultrasound, 
MRI, angiography, and DSA. The 327-bed VA 
Medical Center, Radiology Service, is closely af- 
filiated with the University of lowa College of 
Medicine and suitable candidates may be con- 
sidered for combined University/VAMC appoint- 
ment at a level and salary commensurate with 
training and experience. Send CV to Frank M. 
Behike, M.D., Chief, Radiology Service, VA 
Medical Center, lowa City, IA 52240 or, telephone 
FTS 863-6531 or, (319) 338-0581, ext. 531. Equal 
opportunity/affirmative action employer. 4-5a 


GENERAL DIAGNOSTIC RADIOLOGIST/ 
INTERVENTIONAL-VASCULAR RADIOLOGIST- 
Two positions available on July 1, 1987 to com- 
plete staffing for new, ultra-modern VA Medical 
Center in Minneapolis, MN. Dept. includes MRI, 
CT, cyclotron with PET scanner, interventional 
vascular Suite, neuroradiology sule, mammo- 
graphy, pius more. Affiliated with the University 
of Minnesota with nontenure-tract appointment 
available at appropriate level. Research and 
teaching opportunities available. Board certifica- 
tion mandatory for both positions. One-year 
fellowship training or equivalent experience re- 
quired for vascular position. interest in chest, 
skeletal radiology, and MRI desirable for general 
radiology position. Send letters of inquiry with CV 
to Donovan B. Reinke, M.D., Chief of Diagnostic 
Radiology Service-114, VA Medical Center, 54th 
St. and 48th Ave. So., Minneapolis, MN §5417. An 
equal opportunity employer. 4a 


NEURORADIOLOGIST-MRI TRAINED to join a 
group of four radiologists in a Brown University 
affiliated hospital. Reply to W. Colaiace, M.D., 
Roger Williams General Hospital, 825 Chalkstone 
Ave., Providence, RI 02908, (401) 456-2204. 3-5a 


GENERAL RADIOLOGIST with training in all 
phases of diagnostic'and invasive radiology is be- 
ing recruited by a six-man group of radiologists 
in northeastern Connecticut. The practice in- 
cludes three offices and a small, progressive 
hospital. The hospital currently offers a full range 
of services including nuciear medicine, ultra- 
sound and CT unit, new 1-day surgical center 
recently completed, regional dialysis center, and 
busy out-patient dept. Send CV to Jonathan 
Berger, M.D., 142 Echo Dr., Vernon, CT 06066. 4a 


THE RADIOLOGY DEPT. AT LOUISIANA STATE 
UNIVERSITY MEDICAL CENTER in Shreveport, 
a 500-bed medical center, has the following faculty 
positions available: ‘Chief of the Angiography/ 
interventional Section; Chief of the Neuroradi- 
ology. Section; General Diagnostic Radiologist; 
and a Diagnostic Radiologist with special profi- 
ciency in CT, ultrasound, and MRI. The Dept. is 
actively involved in education, research, and ser- 
vice. State-of-the-art equipment available. Salary 
and position commensurate with experience. CV 
should be submitted to Peter Meyers, M.D., LSU 
Medical Center, PO. Box 33932, Shreveport, LA 
71130. (318) 674-6240. An equal employment op- 
portunity/affirmative action employer. 4a 


SOPHISTICATED GROUP OF 10 DIAGNOSTIC 
RADIOLOGISTS seeking young, personable, 
university-trained, board-certified neuroradiologist 
eligible for senior membership in ASNR. Must 
possess considerable MRI skills. Progressive 
private hospital-based practice. A 1.5 T GE MRI 
system and 2 Picker 1200 Scanners are currently 
in place. Apply to RO. Box 221249, Charlotte, NC 
28222. 4~Gap 


SOPHISTICATED GROUP OF 10 DIAGNOSTIC 
RADIOLOGISTS seeking a board-certified, 
university-trained imaging specialist. Must have 
completed imaging fellowship and prefer some 
staff experience in ultrasound, body CT, body 
MRI, and limited interventional skills desired. 1.5 
T GE MRI unit, 2 Picker 1200 CT Scanners, and 
5 ultrasound units in place, in progressive, private 
hospital location. Apply to PO. Box 221249, 
Charlotte, NC 28222; 4—6ap 


BOARD-CERTIFIED RADIOLOGIST with experi- 
ence in mammography for a tertiary care medical 
center in a suburban area of Michigan. Excellent 
state-of-the-art practice of radiology, as well as 
residency and fellowship in diagnostic radiology. 
Hospital is located in area with excellent school 
systems as well as cultural and recreational ac- 
tivities. Please contact Jalil Farah, M.D., Diag- 
nostic Radiology, William Beaumont Hospital, 
3601 W. 13 Mile Road, Royal Oak, MI 48072. 4-5a 


NEURORADIOLOGIST to join eight board- 
certified radiologists in. metropolitan southwestern 
city. Group consists of two neuroradiologists and 
two radiation therapists. Opening due to increased 
referral volume. Sophisticated medical community. 
Excellent modern facilities and equipment. Com- 
pensation determined by certification and expe- 
rience. Reply Box R42, AJR (see address this 
section). 4a 


MID-ATLANTIC DIAGNOSTIC/INTERVENTIONAL 
PRACTICE—Join an' expanding, progressive, 
hospital-based practice of 65,000+ exams (600+ 
interventional). Excellent equipment: CT, two 
Gamma cams w/Spect, three R/T ultrasound, 
DVI, dedicated mammography rooms, plus ER 
equipment. Top staff: four BC MD’s, 19 certified 
techs, 17 others. Dept. built 1983. Consultative 
service covers 200-bed hospital, private satellite 
office, nearby ECF in county/catch area of 
120,000. Combine good medicine with living in 
historic Delmarva peninsula town near Philadel- 
phia, Baltimore, Washington, DC, and beaches. 
You must be BC/BE, have excellent diagnostic 
skills, and interest/training/experience in interven- 
tional radiology. Call (215) 363-5600 or send CV 
to Bill Gregory, C/O J. iDowning Assoc., PO. Box 
452, Lionville, PA 19353. 4a 


A 400-BED COMMUNITY HOSPITAL staffed by 
private practice group seeks a second neuroradi- 
ologist, preferably with MR experience. Ongoing 
neuroradioiogic service includes state-of-the-art 
CT, angiography with digital, and myelography. 
MR unit on order. Must be capable and willing to 
do general radiology also. Contact Ben R. Mayes, 
Jr, M.D., Radiology Dept., St. Luke’s Hospital, 
232 So. Woods Mill Rd., St. Louis, MO 63017, 
(314) 434-1500, ext. 4250. 4xa. 


DIAGNOSTIC RADIOLOGIST—Large, private, 
southern New England group, with community 
teaching hospital base plus private office, seeks 
radiologist with broad experience in all phases of 
diagnosis. Individual should have 2 or more years 
of practice experience beyond training. Send CV 
to Box R40, AJR (see address this section). 


BOARD-CERTIFIED/BOARD-ELIGIBLE DIAG- 
NOSTIC RADIOLOGIST needed for affiliated VA 
Medical Center with expansive programs in 
education and research. Academically oriented 
individual with training in CT and vascular 
radiology preferred. Equal opportunity employer. 
Contact J. Kalus, M.D. at (806) 355-9703. 3a 


BOARD-CERTIFIED RADIOLOGIST with private 
practice experience to join solo Pacific Northwest 
office radiologist. Three years graduated salary; 
then buy in. Extensive orthopaedic and mammo- 
graphic background mandatory. CT, nuclear 
medicine and hands-on ultrasound experience/ 
training necessary. Reply including salary, com- 
piete training, background, and availability to 
Box P20, AJR (see address this section). 3a 


BOARD-CERTIFIED DIAGNOSTIC RADIOLO- 
GIST to join 8-man hospital-based group. Exper- 
tise in MRI and interventional radiology required. 
Fellowship training preferred. Send CV'to W. Ditt- 
man, M.D., 7515 Greenville Ave., Ste. 710, Dallas, 
TX 75231. 3-6ap 


PART-TIME ASSOCIATE REQUIRED, with 
possibility of full-time in future for progressive 
radiology group in Southeast, covering three 
hospitals. All modalities except MR, which is ex- 
pected in 1987. Send reply to Box P22, AJR (see 
address this section). 3-5a 


CENTRAL WASHINGTON STATE MULTI- 
SPECIALTY GROUP seeks second BC/BE gen- 
eral radiologist. Hospital and clinic practice with 
ultrasound, nuclear medicine, and mammo- 
graphy. Young, high-quality group of physicians. 
Beautiful four-season town of 25,000 with abun- 
dant recreational opportunities. Please submit CV 
to Michael Graham, M.D., 840 Hill Ave., Moses 
Lake, WA 98837, (509) 765-0216. 3-5a 


BOARD-CERTIFIED, DIAGNOSTIC RADIOLO- 
GIST to join 40-doctor multi-specialty clinic in 
south central Minnesota. Located in All-American 
University city. Outstanding educational, cultural, 
and recreational activities. Send CV and reply to 
Box P26, AJR (see address this section). 3ap 


BC/BE DIAGNOSTIC RADIOLOGIST—Unex- 
pected vacancy July 1, 1987 in expanding 35-man 
multi-speciaity clinic in beautiful Northwest. Seek 
third radiologist for general radiology, mam- 
mography, ultrasound, and CT. Special training 


-in ultrasound and CT desirable. Send CV to M.L. 


Eaton, M.D., TAF-C13, Spokane, WA 99220. 3~5a 


DIAGNOSTIC RADIOLOGIST—IMMEDIATE 
VACANCY in well-established, hospital-based 
group in Southwest metropolitan area. Seeking 
associate well-trained or experienced in general 
diagnositc radiology, including ultrasound and 
mammography, to service outpatient office dur- 
ing requiar weekly hours. Rapidly growing area 
with superior climate and outdoor recreational ac- 
tivities. Seeking a motivated physician to develop 
this segment of already established, quality prac- 
tice. Send CV to Diana Welch, Radiology 
Associates, 4001 Indian School NE, Ste. 300, 
Albuquerque, NM 87110. 3-4a 


AJR 148, April 1987 


GENERAL DIAGNOSTIC RADIOLOGIST— 
Outstanding practice opportunity for qualified in- 
dividual in Fargo, ND. Muiti-specialty group prac- 
tice of 200+ in tri-college community of 130,000. 
Will join 13 in established departments in clinic 
and 400+-bed hospital. Subspecialty training in 
‘ultrasound, MRI, and/or nuclear medicine 
desirable. Respond with CV in confidence to 
Charles Anderson, M.D., Box 2067, Fargo, ND 
58123. 3-4ap 


MCGUIRE CLINIC, A MULTI-SPECIALTY 
GROUP in central Virginia seeks general 
radiologist to join a four-man radiology dept. Prac- 
tice includes both hospital and outpatient setting. 
Applicant must be experienced in mammography, 
ultrasound, CT, MRI, nuclear medicine, angio- 
graphy, and interventional radiology. Competitive 
salary and excellent benefits available. Work 
towards stockholder status in professional cor- 
poration. For further information, please contact 
William Proctor, M.D., Chairman of the Dept. of 
Radiology at (804) 346-1741 or Hilton R. Almond, 
M.D., Medical Director, McGuire Clinic, Inc. at 
(804) 346-1502. 3-5a 


DIAGNOSTIC RADIOLOGIST position available 
in our 9-person group 10 min. from San Francisco. 
Desire fellowship training in angiography, chest, 
or MRI. Fully-equipped hospital-based HMO prac- 
tice. CV to Terence W. McGrath, M.D., Kaiser Per- 
manente Center, 280 W. MacArthur Bivd., 
Oakland, CA 94611. 3-Sap - 


BETH-ISRAEL. HOSPITAL/HARVARD MEDICAL 
SCHOOL—The Dept. of Radiology at the Beth 
israel Hospital in Boston is seeking a radiologist 
with broad experience in general radiology for a 
July 1, 1987 opening. Expertise in ultrasound, CT, 
mammography, and/or angiography is desirable. 
The hospital is a 460-bed voluntary teaching 
hospital affiliated-.with the..Harvard Medical 
School. Candidates should meet the requirements 
for faculty appointment. Please send inquiries with 
a CV to Sven Paulin, M.D., Radiologist-in-Chief, 
Beth Israel Hospital, 330 Brookline Ave., Boston, 
MA 02215. The hospital is an affirmative ac- 
tion/equal opportunity employer. Minorities and 
female candidates are encouraged. 3-4a 


MAMMOGRAPHY AND GENERAL ULTRA- 
SOUND—SEATTLE. Board-certified or eligible. 
4 offices. Send CV to Irwin Schiller, D.O., Breast 
Diagnostic Center, 411 Strander Bivd., #303, 
Seattle, WA 98188. 3ap 


NEW YORK CITY SUBURBAN PRACTICE seeks 
board-certified radiologist. Hands-on ultrasound 
skills essential. Solid imaging knowledge. Per- 
sonality counts. High pay with early partnership 
for special individual. CV to Box 18, Meacham 
Station, Elmont, NY 11003. 3-4a 


NUCLEAR MEDICINE—AVAILABLE SEPT. 1987, 
full-time position in Palo Alto VA Hospital, affiliated 
with Stanford University School of Medicine, 
carrying university appointment as Assistant Pro- 
fessor. Prerequisites include certification by 
American Board of Nuclear Medicine, broad 
clinical expertise, evidence of teaching ability, 
research training and productivity, and focused 
research interest. Unit is in new quarters and is 
equipped with most modern equipment, including 
PET scanner. Stanford University is committed to 
increasing representation of women and 
members of minority groups on its faculty and 
particularly encourages applications from such 
candidates. Provide complete CV, names and ad- 
dresses of references, and statement of interests 
in first letter to Joseph P. Kriss, M.D., Division of 
Nuclear Medicine, Stanford University Medical 
Center, Stanford, CA 94305. 3a 


NEURORADIOLOGIST to join a 21-member 
private practice radiology group in Birmingham, 
AL. Board certification/board eligibility, MR exper- 
ience/training essential. Send CV to R. M. 
Doughton, M.D., 1920 Huntington Rd., Birming- 
ham, AL 35209. 2-3a 


CLASSIFIED ADVERTISING 


CHIEF, DIVISION OF VASCULAR AND INTER- 
VENTIONAL RADIOLOGY—The Dept. of Diag- 
nostic Radiology of William Beaumont Hospital, 
a major tertiary care and academic institution in 
Michigan, is seeking a candidate to‘ direct the 
Division of Vascular Interventional Radiology. 
Candidates must be board certified in diagnostic 
radiology and have significant academic 
achievements. Income is negotiable and com- 
petitive. Send CV to Jalil Farah, M.D., Director, 
Diagnostic Radiology, William Beaumont 
Hospital, 3601 West 13 Mile Rd., Roya! Oak, MI 
48072. 3~5a 


CHAIRMAN, DIAGNOSTIC RADIOLOGY— 
Applications are invited for the position of 
Chairperson, Dept. of Diagnostic Radiology, 
University of Louisville School of Medicine. The 
program has extensive clinical facilities and 
educational programs at undergraduate and 
residency levels. There is an excellent diagnostic 
radiology facility. Responsibilities of the position 
include clinical service, teaching, research, and 
departmental administration. The applicant 
should have proven ability in these areas. 
Qualified candidates should submit CV to Joel 
Kupersmith, M.D., Chairperson, Search Commit- 
tee, Chief, Cardiovascular Division, University of 
Louisville School of Medicine, Louisville, KY 
40292. The University of Louisville is an equal 
employment/affirmative action employer. 3a 


RADIOLOGIST—Expanding western Massachu- 
setts staff model health maintenance organization 
seeks a fourth, full-time certified radiologist. Our 
multi-specialty group practice employs 68 full- 
time positions and provides care for a growing 
membership of over 65,000 from modern, subur- 
ban facilities. Annual case load of 31,000. State- 
of-the-art ultrasound and mammography used. At- 
tractive pioneer valley location with fine educa- 
tional, cultural, and recreational opportunities. 
Excellent salary and comprehensive benefit pro- 
gram. Please send CV to John Collins, M.D., 
Medical Director, Medical West Community 
Health Plan, Inc., 444 Montgomery Street, 
Chicopee, MA 01020. An affirmative action/equa! 
opportunity employer. 3-4a 


DIAGNOSTIC RADIOLOGIST with special ex- 
perience and/or training in chest radiology is be- 
ing sought for St. Lukes-Rooseveit Hospital 
Center, a 1315-bed voluntary—university hospital 
of Columbia University College of Physicians and 
Surgeons, New York City. Strong interest in 
clinical teaching and research as well as in patient 
care required. Excellent remuneration. Please 
send inquiries with CV to Ronald C. Ablow, M.D., 
Radiology Dept., St. Lukes—Roosevelt Hospital 
Center, Amsterdam Ave. & 114th St., New York, 
NY 10025, Equal opportunity employer. 3-4a 


DIAGNOSTIC RADIOLOGIST-—-Radiologist seeks 
board-eligible/board-certified partner to join a 
group practice in a 175-bed general hospital in 
northern Michigan. Our recently renovated 
radiology dept. includes an angiography suite, a 
Phillips real-time ultrasound unit, a Siemens ZLC 
gamma camera with computer, and a new 
dedicated Phillips mammography unit. A 
Siemens DRH CT scanner is currently being in- 
stalled. We are a regional referral center with a 
service population of approximately 100,000, The 
town is located on the shore of Lake Huron and 
offers excellent sailing, fishing, hunting, and 
cross-country skiing; a great location for those 
who enjoy small town life and the scenic beauty 
of a 4-season climate in the pristine. north. Send 
CV to Box P30, AJR (see address this section). 
3-5a 


RADIOLOGY INSTRUCTOR to assist candidate 
in preparation for Oral Radiology Boards. Can- 
didate needs practice in formally discussing 
cases and answering board-type questions. 
Would like to meet on a weekly basis beginning 
early 1987. Fee negotiable. Please call (215) 
342-4110 or (615) 359-7092 eves. 12-3a 
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BOARD CERTIFIED RADIOLOGIST—Six-man 
radiology group seeks new associate with 6-12 
month fellowship/experience in MRI. New 1.5 T 
unit soon to be operational. The group provides 
complete radiologic services in fully-equipped 
500-bed hospital, and private out-patient office. 
Send CV to Eric R. Rosenberg, M.D., Dept. of 
Radiology, New Hanover Memorial Hospital, 
Wilmington, NC 28403. 24a 


RADIOLOGIST—A board certified/board eligible 
radiologist with experience is needed to join the 
Staff of the Alaska Native Medical Center, 170-bed 
referral facility for a state-wide system of Indian 
Health Service hospitals and clinics. Practice 
Stimulating and challenging radiology in a relaxed 
and casual atmosphere. State-of-the-art in-house 
CT, sonography, and mammography. Send CV. to 
C.J. Heitz, Jr, M.D., PO. Box 7-741, Anchorage, 
AK 99510. EOE 2-7a 


RADIOLOGIST for a thriving community on the 
beautiful Pacific northwest coast at Prince Rupert, 
B.C., gateway to Alaska. The 124-bed regional 
hospital serves Prince Rupert and the surroun- 
ding area. Total number of examinations per yr 
is 16,000. Candidates must have obtained LMCC 
status and should have a Fellowship in Radiology 
with experience in ultrasound. Salary and/or fee 
for service basis. Direct applications or inquiries 
to The Administrator, Prince Rupert Regional 
Hospital, 1305 Summit Ave., Prince Rupert, B.C., 
V8J 2A6, Canada. 2-5a 


ISRAEL, DIAGNOSTIC RADIOLOGY. Opportun- 
ities for 3-4 week or longer working vacations in 
a number of Israeli medical centers, on a volun- 
teer basis. Positions varied, arrangements flexi- 
ble. For information contact: Jonathan H. Fish, 
M.D., 1844 San Miguel Dr., #302, Walnut Creek, 
CA 94596; (415) 947-0560. 8xa 


IMMEDIATE OPENING--8C/BE RADIOLOGIST 
to jain 8-man group in South Bay area of northern 
CA. Hospital and private office practice. All 
diagnostic modalities including MRI. Send CV to 
Box M3, AJR (see address this section). 1-3ap 


DIAGNOSTIC RADIOLOGIST. Need aggressive 
associate to perform all aspects of diagnostic 
radiology in well-equipped hospital with large out- 
patient component in South Texas. MR training 
a plus but not essential. Excellent salary and 
early partnership available. For confidential con- 
sideration please submit CV to Box H70, AJR (see 
address this section). 11xa 


PEDIATRIC RADIOLOGIST. Large hospital- 
based group seeks associate with recent 


pediatric radiology fellowship training. Busy 


private practice group needs second pediatric 
radiologist for coverage of smal! pediatric 
hospital. Practice would include 25% pediatric 
and 75% adult work. All modalities including MRI. 
Board certification mandatory. Opportunity for 
partnership in well-established western Washing- 
ton practice. Reply Box H74, AJA (see address 
this section). 11-6a 


TWO YOUNG RADIOLOGISTS seek a third radi- 
ologist in expanding hospital-based practice near 
Canadian border in northern New York. All 
modalities available. Write P. Berman, HC 61 Box 
454, Massena, NY 13662. 8-7a 


Positions Desired 


PGY-2 GENERAL SURGERY RESIDENT seeks 
PGY--2 radiology residency position for July 1987 
or 1988. Top ranking U.S. medical school 
graduate with multidisciplinary surgical training 
and skills. Dedicated, hard working, enthusiastic. 
Reply J. Housman, M.D., 220 East 72nd St., Apt. 
26G, New York, NY 10021. 4-5b 
BOARD-CERTIFIED RADIOLOGIST-52, all 
modalities. Administrative and academic back- 
ground. Write Box P28, AJR (see address this 
section). 3bp 


838 


IVY-LEAGUE TRAINED GROUP, all with 
fellowships, desire 6 to take over radiology dept. 
of small to medium-sized hospital, preferably in 
Northeast corridor, all modalities including MRI 
and interventional radiology. Reply Box P24, AJR 
(see address this section). 3b 


PGY Il RADIOLOGY POSITION sought for July 1, 
1987 by quality American grad now engaged in 
medical internship at a major medical school af- 
filiated with a New England teaching hospital. 
Reply Box M1, AJR {see address this section). 
1-4bp 


Fellowship and Residencies 


INTERVENTIONAL RADIOLOGY FELLOWSHIP 
July 1, 1987—-One-year fellowship in vascular and 
interventional radiology available at Albany 
Medical Center. Applicants must be eligible for 
a New York State license, have completed an ap- 
proved residency program, and be board-eligible 
or board-certified. Send inquiry along with CV to 
Glenn H. Robeson, M.D., Chairman, Dept. of 
Radiology, Albany Medical Center Hospital, 
43 New Scotland Ave., Albany, NY 12208. 4c 


VASCULAR—INTERVENTIONAL RADIOLOGY 
FELLOWSHIP, JULY 1, 1987-—-One-year fellow- 
ship available at the University of Maryland 
Hospital. Training in all aspects of the field are 
covered including vascular, biliary, and genitouri- 
nary. Applicants must have completed an approved 
residency program in diagnostic radiology.-Board 
certification is desirable. (Having passed the writ- 
ten exam of the ABR and being scheduled for the 
June 1987 ABR orals are essential.) Must meet 
the requirements for licensure to practice in the 
state of Maryland. Send letter of inquiry with CV 
and names and addresses of three references who 
are familiar with your work to Joseph Whitely, M.D., 
University of Maryland Hospital, Dept. of Diag- 
nostic Radiology, 22 S. Greene St., Baltimore, 
MD 21201. Affirmative action/equal opportunity 
empioyer. 4c 


NEURORADIOLOGY FELLOWSHIP, JULY 1, 
1987—Iwo-year fellowship in neuroradiology 
available at the University of Maryland Hospital. 
Training in all aspects of the field are covered in- 
cluding MRI. Applicants must have completed an 
approved residency program in diagnostic radi- 
ology. Board certification is desirable. (Having 
passed the written exam of the ABR and being 
scheduled for the June 1987 ABR orals are 
essential.) Must meet the requirements for licen- 
sure to practice in the state of Maryland. Send 
letter of inquiry with CV and names and ad- 
dresses of three references who are familiar with 
your work to Joseph Whitely, M.D., University of 
Maryland Hospital, Dept. of Diagnostic Radiol- 
ogy, 22 $. Greene St., Baltimore, MD 21201. 
Affirmative action/equal opportunity employer. 4¢ 


A NEURORADIOLOGY FELLOWSHIP at the 
University of Massachusetts Medical Center, a 
350-bed teaching hospital, 35 mi from Boston. 
This fellowship provides in-depth training in all 
current aspects of clinical neuroradiology and 
head and neck radiology, including CT, angio- 
graphy, myelography, polytomography, and plain 
film diagnosis. It also provides exposure to 
general and interventional angiography and par- 
ticipation in research and teaching. The fellow 
is closely supervised by full-time faculty 
members and increasing clinical responsibilities 
are given as the year progresses, Equipment 
consists of a high resolution CT scanner 
dedicated to neuroradiology, a GE 1.5 Tesia MRI 
scanner, state-of-the-art angiography and DSI 
Suites, and Phillips polytomography unit, and 
R & F rooms (shared with general radiology). 
Please address all inquiries to Eugenio L. 
Suran, M.D., Director of Neuroradiology, Dept. of 
Radiology, University of Massachusetts Medical 
Genter, Worcester, MA 01605. 2-3c 


CLASSIFIED ADVERTISING 


CARDIOVASCULAR/INTERVENTIONAL RADI- 
OLOGY FELLOWSHIP—Thomas Jefferson Uni- 
versity Hospital announces a new fellowship 
program combining training in cardiac, vascular, 
and interventional radiology. One- and two-year 
positions are available beginning July 1, 1987. 
The 1-yr program offers intensive clinical ex- 
perience in general angiography, coronary angi- 
ography, and interventional procedures. The 2-yr 
program emphasizes additional experience in in- 
terventional techniques and cardiac imaging, 
and provides time’ for research. Applicants 
should be board certified or in the certification 
process. Contact David C. Levin, M.D., or Geof- 
frey A. Gardiner, Jr, M.D. at Dept. of Radiology, 
Thomas Jefferson University Hospital, Philadel- 
phia, PA 19107. 1-3c 


Tutorials/Courses 


THE ROCHESTER ROENTGEN RAY SOCIETY 
will sponsor a 3-day diagnostic radiology course 
on imaging and other diagnostic techniques, 
such as skinny-needle aspiration cytology, in the 
diagnosis of benign and malignant breast 
diseases, at the University of Rochester School 
of Medicine, Rochester, NY, July 10-12, 1987. 
Radiology technologists are permitted to attend 
but the course is most beneficial to practicing 
radiologists. Fee: $350: radiologists; $300: 
residents and technologists. Category 1 credit: 
24 hr. Program director: Wende W. Logan, M.D. 
information: 1351 Mt. Hope Ave., Rochester, NY 
14620 (716) 442-8432. 4-6d 


LONDON, ENGLAND—MAY 2-10, 1987. CME | 
Accred. International Faculty. Topics: CT, MR, 
and other imaging modalities. Fees: To Feb. 28, 
US$395. After Mar, 1, US$435. Information: 
Medical Seminars, 21915 Roscoe Blvd., Suite 
222, Canoga Park, CA 91304. (818) 340-0580 
X280. 1-4d 


AJR 148, April 1987 


LONDON-—-PARIS FALL ULTRASOUND. Attend 
one or both, September 19-27, 1987, CME | ac- 
creditation. For registration and information con- 
tact Medical Seminars International, 21915 
Roscoe Bivd., Ste. 222, Canoga Park, CA 91304, 
(818). 340-0580 ext. 280. 3-8d 


ALASKA 87-~CRUISE THE INLAND PASSAGE. 
Dr. Thomas Berquist, Mayo Clinic, Diagnostic Im- 
aging, CME I. For information contact Medical 
Seminars International, 21915 Roscoe Bivd., 
Ste. 222, Canoga Park, CA 91304, (818) 340-0580 
ext. 280. 3-6d 


Other 


SUNBELT INVESTMENT OPPORTUNITY. 
Established radiology office on health campus. 
Retiring radiologist will introduce. High gross 
receipts, No nights or weekends. TV. suite (2) and 
new ultrasound. 3e 


MRI OVER-READING SERVICE, Backup inter- 
pretation of MR scans now available using state- 
of-the-art Raytel teleradiology equipment and 
regular phone lines. Service available from 
across-the-street to across-the-country from 
1-month to 1-year. Competitive rates. Contact Mur- 
ray A. Solomon, M.D., San Jose MRI Center, 361 
South Monroe, San Jose, CA 95128. 1-6ep 


REALIZE THE VALUE of your practice. A group 
of successful and well-qualified radiologists is in- 
terested in acquiring established radiology prac- 
tices. Hospital contracts, clinics, and private office 
settings are desired. Opportunity for radiologists 
considering retirement or reduction in practice ac- 
tivities to capitalize on the value of the practice 
they have built up during their careers. Alleviate 
the problems of professional recruitment or ad- 
ministrative pressures. Practices considered 
throughout the country. Flexible purchase options 
with opportunity for continuing relationship ar- 
rangements. Write Box C49, AJR (see address 
this section). 6-5e 


AJR Classified Advertising Information 
Box Responses and Address for Ad Placement 


Write Box 
459-2229. 


How to Place an Ad 


, AJR, Suite 200, 2223 Avenida de la Playa, La Jolla, CA 92037; (619) 


AJR accepts classified advertising for Positions Available, Positions Desired, Fel- 
lowships and Residencies, and Tutorials/Courses. Ads are accepted by mail or 
telephone. Institutions should supply purchase orders. 

Rates: $6.00/line with a $30 minimum charge. Box service is $10 additional for each 
month the ad appears. There are discounts for multiple insertions: 10% for 2-3 inser- 
tions; 20% for 4 or more. To estimate lines, count all words and divide by 5.5. 

Billing: Ads may be prepaid or invoices will be sent after the ad appears. 

Deadlines.: About 3 weeks before the issue mails. AJR issues mail in the middle 
of the month preceding the cover date (e.g., July mails June 17). For specific deadlines, 


write or telephone the AJR editorial office. 


Estimating Ad Charges 
Line charge: divide total words by 5.5 and multiply by $6.00 .... 
Multiple insertions? If so, multiply by number 

Subtotal 
Box response requested? If so, multiply number of months by 


Subtotal 


Discount applies to two or more insertions. Subtract 10% if ad 
appears 2-3 months, 20% if 4 months or more 


Approximate advertising charge 








Control the future — 
of your practice 
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The Journal of MEDICAL PRACTICE MANAGEMENT 
Editor: Marcel Frenkel, MD, MBA 


A new journal gives you the management 
skills you need to pull ahead 


Right now you need information on some 
important topics that weren't covered in medical 
school. Topics that are having a profound impact 
on private practice and hospital-based physicians 
across the country. 

Like competition from HMOs. Industrialization of 
medicine. The sheer number of physicians compet- 
ing for your patients. Increasing costs. 

You know the issues. What you need to know is 
the best way to face them so your practice will 
flourish in years to come. 

And that’s where The Journal of Medical Practice 
Management comes in. 


Keep up with the issues that are changing 
your way of practice forever 


The Journal of Medical Practice Management 
is anew quarterly publication that covers your 
concerns...issues affecting the way you practice 
now — and the way you'll practice in the future. 

Four times a year, an expert editorial board 
headed by Dr. Marcel Frenkel brings you concise, 
readable coverage of today’s issues and tomorrow's 
trends. 

You'll find departments covering ® office proce- 
dures and management ® malpractice ® marketing 
e manpower ® computers ® taxation ® legal and 
legislative affairs è and health policy. 

You'll also find pertinent features like the 
Washington Report, telling you what's up in the 
nation’s capital and how it affects you...a Letter 
from Abroad, offering perspectives on how physi- 
cians are handling health care issues in other 
countries...and profiles of profit and not-for-profit 
health care delivery systems. 


A multidisciplinary editorial board 


Members of the editorial board for The Journal 
of Medical Practice Management have been care- 
fully chosen for their knowledge of the manage- 
ment aspects of practicing medicine. These 
experts, many with experience in more than one 
field, give you the perspectives you need from 
medicine, law, management, government, and 
education. 


You can control the future of your practice 

The issues you can't afford to ignore are in The 
Journal of Medical Practice Management. Its a lot 
of information for a little money. And that’s good 
business for you. 


Reserve your charter subscription today! 
Just return the attached coupon, or call our 

FREE number, 800-638-6423, from anywhere in the 

US except Alaska. In Maryland, call 528-4105 

collect. Quarterly 


Williams & Wilkins 


428 East Preston Street 
Baltimore, Maryland 21202 


266 Fulham Road 
London SW109EL England 


YES, | want to control the 
future of my practice! 


Please enter my subscription to The Journal of 
Medical Practice Management (quarterly) 

O Individuals and Institutions $40 

All subscribers: add $10 outside the U.S. 


O Check enclosed UO Bill me 
O MasterCard O American Express O VISA 





‘Card # i Exp date 





Signature 


Name 





Address 





City/State/Zip 
Maryland residents add 5% sales tax. Subscriptions 


outside the US must be prepaid. All subscriptions must be 
paid in US dollars. Rates valid through April 30, 1988 


Please allow 8 weeks for delivery of your first issue, up to 
16 weeks for surface delivery outside the US. Airmail rates 
available on request. 


Williams & Wilkins 


P.O. Box 23291 
Baltimore, Maryland 21203 


266 Fulham Road 
London SW10 9EL England 
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You learn from your experience with 




















CONTEMPORARY DIAGNOSTIC RADIOLOGY 





Editor: Robert E. Campbell, M.D. 














A Biweekly Review of Clinical Radiologic Practice—26 issues q year! 


One of your toughest jobs is keeping up with the 
many new developments that affect radiology. 
That's why you want Contemporary Diagnostic 
Radiology ...an effective and 
convenient way to perfect your 
skills and maintain your profes- 
sional status. 


Contemporary Diagnostic Radi- 
ology is designed as a continuing 
education program that lets you 
work at your own pace. Every two 
weeks you'll receive an issue that 
covers a single topic or procedure 
in detail. Read the information and 
study the clearly reproduced radi- 
ographs—and then, if you choose, 
respond to a comprehensive 
examination in the strictest confi- 
dence. You set the pace. 

Each biweekly lesson brings you 
pertinent review of the basics in 
bone radiology ... gastrointestinal 
radiology... pediatric radiology... 
genitourinary radiology... MR 
imaging...and all of the topics 
you want to know more about. 
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Contemporary Diagnostic Radiology works two 
ways. You may choose to subscribe to the non- 
scoring version, receiving every issue as an impor- 
tant element of your professional 
reading. The scoring version, how- 
ever, supplements your reading 
and computer-coded examina- 
tions with confidential result 
responses, making you eligible for 
Continuing Medical Education 
credits co-sponsored by the Uni- 
versity of Pennsylvania School 

of Medicine. 


“As an organization for continu- 
ing medical education, the Uni- 
versity of Pennsylvania School of 
Medicine designates this contin- 
uing medical education activity 
as meeting the criteria for 1 
credit hour per bi-weekly issue in 
Category I for Educational 
Materials for the Physician's 
Recognition Award of the Ameri- 
can Medical Association pro- 
vided it has been completed 
according to instructions.” 


You can begin this ongoing program today. Contemporary Diagnostic Radiology 
is a year-round program, so you can join at any time. To begin your lessons, just fill 
out the enclosed card and return it to us. Or call FREE 1-800-638-6423 (except from 
Alaska). In Maryland call COLLECT 528-4105. You'll find that Contemporary Diag- 
nostic Radiology is the most efficient and inexpensive way to keep up with your 


dynamic field. 


Williams & Wilkins 


P.O. Box 23291 
Baltimore, Maryland 21203 


© 


clip & mail 


266 Fulham Road 
London SW10 9EL England 


CONTEMPORARY DIAGNOSTIC RADIOLOGY 


O Yes! | want to keep pace in my field! Begin my 
26-issue subscription: 

O Send me the scoring version ($220) 

O Send me the non-scoring version ($180) 

O Send me the resident non-scoring version ($160) 
(add $35 for optional air mail delivery outside the U.S.) 

O new subscription 

O renewal 


name 
adaress 


city/state/zip 


payment options 
O payment enclosed 
O American Express 


O bill me 


O MasterCard O VISA 


printed in USA 


card # expiration date 


signature/P.O. # 


Maryland residents add 5% sales‘tax. Subscriptions outside the U.S. 
must be prepaid in U.S. dollars only. Rates subject to change with- 
out notice. Please allow 8 weeks for delivery of your first issue, up to 
16 weeks for surface delivery outside the U.S. Optional airmail rates: 
add $35 per subscription. 


Residents are eligible for the special in-training rate for up to three 
years. When requesting this rate, please include training status and 
institution. 


PL Don't forget: you can order with a FREE phone 
call at 1-800-638-6423 (except from Alaska). In 
Maryland, call collect 528-4105. 


Williams & Wilkins 
P.O. Box 23291 
Baltimore, Maryland 21203 


266 Fulham Road 
London SW10 9EL England 
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A Wan Po 
WW ALASKA 87 ae 
CRUISE THE INLAND PASSAGE 
July 4-11, 1987 
THOMAS BERQUIST, M.D., Associate Professor and Vice-Chairman, Department of 


Radiology, Mayo Clinic, presents a series of lectures “Imaging of Musculoskeletal Trauma” 
utilizing all imaging modalities. 


LONDON - PARIS FALL 
ULTRASOUND 


London, England, September 19-27, 1987 (Sessions Sept. 19-23) 
Paris, France, September 19-27, 1987 (Sessions Sept. 23-26) 


Attend One or Both Meetings presented by an International Faculty including Drs. C. Heron, 
D.G. Kalifa, J.M. Lorphelin, M. Manco-Johnson, Y. Menu, D. Mompoint, J.P. Montagne, 
J.F. Moreau, M.C. Plainfosse and F. Weill. 


12th ANNUAL 
A BODY IMAGING CONFERENCE 


Westin Hotel, Maui, Hawaii, October 10-18, 1987 (Sessions Oct. 11-15) 


This multimodality conference will present topics in Computed Tomography, Ultrasonography, 
Magnetic Resonance Imaging, Nuclear Medicine, other imaging modalities and A SPECIAL 
SECTION ON INTERVENTIONAL RADIOLOGY. The renowned faculty includes: Drs. W 
Ashburn, Univ. of San Diego; G. Leopold, Univ. of San Diego; M. Manco-Johnson, Univ. of 
Colorado; A. Mancuso, Univ. of Florida; P. Mueller, Massachusetts General Hospital; L. Partain, 
Vanderbilt Univ.; D. Stephens, Mayo Clinic; P. Ralls, Univ. of So. California; E. Von Sonnenberg, 
Univ. of San Diego; F. Weill, Univ. of Besancon, France. 


POST-RSNA IMAGING AT SEA 
CARIBBEAN CRUISE 


December 5-12, 1987 n 


VICTOR HAUGHTON, M.D., Professor of Radiology, Medical College of Wisconsin, will 
present topics in Computed Tomography and Magnetic Resonance Imaging through lectures, 
seminars and case discussions. 


J> IMAGING DOWN UNDER 
Australia - New Zealand, March 12-27, 1988 


Join us for the Australian Bicentenial with conference sessions in Auckland, New Zealand, 
Sydney and Melbourne, Australia presented by an international faculty including: Drs. David 
Brazier, Bruce Doust, Shad Fataar, George Foote, Robert W. Gil, Bil Hare, Stuart W. Heap, 
George Kossoff, George Leopold, Alan List, Albert Moss, Jim Pope, James Roche, Ken 
Thompson, Bryan Trenwith, Brian Tress. 











Application will be made for Category I CME Accreditation for each of the above meetings 
sponsored by the Department of Radiology, Nu-Med Regional Medical Center, West Valley. 


For information: Medical Seminars International, Inc. 
21915 Roscoe Blvd., Suite 222, Canoga Park, CA 91304 
(818) 340-0580 x 280 
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Protect your copies of 


AJR: AMERICAN 
JOURNAL OF 
ROENTGENOLOGY 


with Jesse Jones Binders or Files 


Keep your journals clean, orderly, and readily acces- 
sible with Jesse Jones Binders or Files. Two Binders 
or two box style Files are all you need to accommodate 
a full year’s worth of issues. Both Binders and Files 
are handsomely made with rich black leatherette 
covers and gold leaf embossed lettering. 


Jesse Jones Binders open flat for easy reading and 
reference and are economically priced at only $9.95 
each; 3 for $27.95, or 6 for $52.95 postpaid. The rugged, 
compact box Files are only $7.95 each; 3 for $21.95, or 6 
for $39.95. Add $1.00/unit postage and handling. 


(Outside the U.S. add $2.50/unit.) 


For charge orders call toll free 1-800-972-5858. ($15.00 


minimum). 


Free gold transfer slips included for indexing volume 


and year. 


Please allow four to five weeks for delivery. 


TO: Jesse Jones Industries 
499 E. Erie Avenue, DEPT. AJR 
Philadelphia, PA 19134 


I enclose my check or money order for $ 


(PA residents add 6% sales tax) 


Send me —— [O Files O Binders for my journals 


Name 


Address (will not ship to P.O. Box) _ 























City/State/Zip 


Satisfaction guaranteed. 
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= As a professional, you must be 
le to depend on the highest quality 
Bery time... sheet-to-sheet... box-to-box. 
Accepting less is a waste of time and effort. It 
could also result in poor patient care. 
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Fuji - committed 
to consistency. 
m Fuji has the world’s most automated X-ray film factory. 


m Fujis commitment to research has produced exclusive 
technologies such as non-contact, helical emulsion 
FUJI QUALITY. T drying and other developments which have raised the 


UNCOMMONLY standards for consistent emulsion performance to a new 
CONSISTENT. mex 


m These elements offer the assurance that no manufacturer 
provides more consistent medical X-ray films than Fuji. 


See for yourself the difference between “consistent” 
and “UNCOMMONLY CONSISTENT.” Call your local Fuji 
representative, or toll free, 1-800-431-1850. 


Iel Imaging & Information 


FUJI MEDICAL SYSTEMS, U.S.A., INC. 


90 Viaduct Road, PO. Box 4960, Stamford, CT 06907 
CIRCLE 7 ON READER SERVICE CARD 


CARDIAC RADIOLOGY 


665 MR imaging of the aortic root and proximal coronary 
arteries. Paulin S, von Schulthess GK, Fossel E, Kray- 
enbuehl HP 

671 Right atrioventricular valve atresia: anatomic evalua- 
tion with MR imaging. Fletcher BD, Jacobstein MD, 
Abramowsky CR, Anderson RH 

675 The radiographic distinction between pericardial and 
myocardial calcification. MacGregor JH, Chen JTT, 
Chiles C, Kier R, Godwin JD, Ravin CE 

678 Case report. Tension pneumopericardium: an unusual 

manifestation of invasive pulmonary aspergillosis. 
Muller NL, Miller RR, Ostrow DN, Nelems B, Vickars LM 


PULMONARY RADIOLOGY 
681 Detection of pleural effusions on supine chest radi- 
= ographs. Ruskin JA, Gurney JW, Thorsen MK, Good- 
man LR 


. 685 Thoracic CT in detecting occult disease in critically ill be 


- patients. Mirvis SE, Tobin KD, Kostrubiak |, Belzberg H 
691 Radiologic and pathologic abnormalities of the trachea 
in older patients with cystic fibrosis. Griscom NT, 
Vawter, GF, Stigol LC 
695 Early radiographic signs of tracheal rupture. Rollins Ru, 
2 Tocino | 


~ 


BREAST RADIOLOGY 


699 Technical note. Localization device for occult breast 
lesions: use in 75 rae Parekh NJ, Wolfe JN 


GASTROINTESTINAL RADIOLOGY 


703 MR imaging in the diagnosis of pancreatic disease. 
Tscholakoff D, Hricak H, Thoeni R, Winkler ML, Margu- 
lis AR 

711 MR imaging of hepatic focal nodular hyperplasia: char- 
acterization and distinction from primary malignant 
hepatic tumors. Mattison GR, Glazer GM, Quint LE, 
Francis IR, Bree RL, Ensminger WD- 

717 Nodular regenerative hyperplasia of the liver: clinical 
and radiologic observations. Dachman AH, Ros PR, 
Goodman ZD, Olmsted WW, Ishak KG 

723 The mistaken or indeterminate CT diagnosis of hepatic 
metastases: the value of sonography. Brick SH, Hill, 
MC, Lande IM l 

727 Radiologic findings in xanthogranulomatous cholecys- 
titis. Hanada K, Nakata H, Nakayama T, et al. 

731 Medication-induced esophagitis: diagnosis by double- 
contrast esophagography. Bova JG, Dutton N, Gold- 
stein HM, Hoberman LJ 

733 Indium-111 leukocyte imaging in appendicitis. Navarro 
DA, Weber PM, Kang IY, dos Remedios LV, Jasko IA, 
Sawicki JE 

737 Diverticulitis of the right colon: CT observations. Sca- 


tarige JC, Fishman EK, Crist DW, Cameron JL, Siegel- 


man SS 


"INTERVENTIONAL RADIOLOGY 


741 Silicone biliary stents. /accarino V, Niola R, Porta E 

745 Case report. Use of angioplasty balloons in the per- 
cutaneous management of biliary calculi: tandem 
balioon method. Saeed M, Newman GE, Dunnick NR 

747 Case report. Percutaneous decompression of cecal 
volvulus. Pate/ D, Ansari E, Berman MD 


GENITOURINARY RADIOLOGY 


749 Diagnosis and staging of renal cell carcinoma: a com- 
T _ parison of MR imaging and CT. Fein AB, Lee JKT, 
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Length. Maximum of two double-spaced, typewritten 
pages, including references. 

References. Maximum of four. 
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Tables and Acknowledgments. Not appropriate in Let- 
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Format. Include a title page but no abstract. 

Length. Maximum of eight double-spaced, typewritten 
pages. 

References. Maximum of five. 

Figures and Tables. Maximum of five. Computer print- 
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x 7 in. glossy prints. 
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Your ideal video image is probably unlike any 
other. Subtly lighter or darker. A little more con- 
trast. Or a little less. Perhaps your eyes are accus- 
tomed to a blue base. Perhaps not. Kodak has 
the means to fine-tune your video images to 
your personal preferences. 

First Step: Your Kodak representative adjusts 
your multiformat cameras to your “look.” And 
measures that look precisely with our exclusive 
Kodak video display analyzer. And then matches 
that look to one of Kodak‘s five video imaging 





films. More options than anyone else can offer. 

Then, to make sure everything works with 
everything else, theres a complete line of video 
imaging products from Kodak. Ranging from 
Kodaflex roomlight film-handling products for 
speed and efficiency to reliable, proven Kodak 
X-Omat processors. 

For details, ask your Kodak representative, Ol 
write Eastman Kodak Company, Dept. 412L-H%, 
343 State Street, Rochester, NY 14650. 
Can you afford anything less? 
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SIGNA MR CASE STUDY 
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‘ig. 1—Interbody fusion at L4/5, 
ailed fusion at L5-S1. Dense 
ibrous tissue posterior to dural 
‘ac margin. Contracted thecal 
ac margins are thickened and 
rregular. Intrathecal contents 
ire ill-defined, with several focal 
tbnormalities and poorly demar- 
‘ated low signal intensity 
ibnormalities within dural sac 
0Sterior to L4 (arrows). 

TR 2000, TE 30 and 60) 





‘ig. 2—Contracted thecal sac 
livided by irregular, dense fibrotic 
eptations. Post-operative granu- 
ation tissue involves the right 
lerve root sheath anteriorly. 

TR 2000, TE 30) 





Adhesive arachnoiditis 


igh field magnetic resonance 

(MR) imaging can be a signifi- 

cant aid in the diagnosis of 
arachnoiditis. 

As these Signa® system images 
demonstrate, high signal and thin 
slices enable excellent visualization of 
nerve root margins and intradural 
locations, as well as potential fibrous 
adhesions in the spine. 

With Signa MR, physicians get the 
anatomic detail crucial to the diagnosis 
of arachnoiditis, without the invasiveness 
or morbidity of myelography. 


Case study 

A 52-year-old female presented 
with back pain and episodic weakness 
and pain in her right leg. 

Surgical history included a lam- 
inectomy and disc removal, followed 
by a neurolysis procedure for adhesive 
arachnoiditis, an interbody fusion, and 
insertion of a dorsal column stimulator. 

Previous myelograms failed to reveal 
pathology since contrast agents would 
not pass freely in the spinal canal. 
The patient was then referred to a 
signa user for MR evaluation. 


MR exam 
Signa images showed both a suc- 
cessful and a failed interbody fusion, 





dense fibrous tissue and irregular 
thecal sac margins (Fig. 1). Intrathecal 
contents were ill-defined. 

Irregular fibrotic septations of the 
thecal sac and nerve roots obscured 
by post-operative granulation tissue 
were also shown (Fig. 2). 

Similar fibrotic changes of the dural 
sac were seen at higher vertebrae. 
Nerve roots were clearly imaged and 
no significant endplate ridging or 
foraminal stenosis was demonstrated. 


Conclusions 

The Signa study revealed no signi- 
ficant treatable lesion and confirmed 
the diagnosis of severe adhesive 
arachnoiditis. 

In the past, diagnosis of arachnoiditis 
usually required myelography, a pro- 
cedure which may cause or severely 
exacerbate pre-existing neural inflam- 
mation in some cases. 

The non-invasive nature of MR and 
its ability to provide detailed images 
represent a significant improvement 
—for both patient and physician—in 
the diagnosis of this condition. 
Acknowledgement: Keith R. Burnett, M.D., Director 
of Imaging, Long Beach Medical Imaging Clinic. 


David K. Spindle, M.D., private practice in 
Neurosurgery, Downey, CA. 


Signa...the MR reference point 

For referring physicians of all 
specialties, Signa sites are the 
reference point for optimal image 
quality across the broadest range of 
applications. 

To receive a full color atlas 
which correlates Signa spine 
images with anatomic slices, call 
General Electric at 1-800-624-5692 
and request Magnetic Resonance 
Imaging of the Lumbar Spine, 
(pub. no. 7046.) We will also be 
glad to provide a list of the Signa 
sites in your area. 
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In intrathecal imaging: 


Because you cant be sure Now 
every patient will react... 


Improve the safety protie. 







Better patient tolerance, measured 
subjectively and objectively."° 


Reactions After Myelography Percent of Patients 





No reaction 











Headache 





Nausea 





Vomiting 





Pain 








Dizziness 


Mental symptoms |0 Lj rele 
7 (Nn = 1,624) 
Other reactions E E] Metrizamide 
i 13 (n = 450) 


Adapted from Shaw el at.’ Data on file, Winthrop Pharmaceuticals.* 

All adverse reactions reported are included and are irrespective of drug 
relationship. If a patient had more than one type of reaction, each is counted 
separately under the respective reaction type 














+ Lower incidence of EEG changes 
compared with iopamidol or metrizamide.** 


[d Excellent diagnostic quality. 
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OMNIPAQUE’ 


INJECTION (lIOHEXOL) 
INTRATHECAL 





PLEASE CONSULT FULL PRODUCT INFORMATION BEFORE USING. A SUMMARY FOLLOWS: 


DESCRIPTION: OMNIPAQUE is a nonionic, water-soluble radiographic contrast medium for intrathecal 
administration in concentrations of 180, 240, and 300 mgI/mL. Each milliliter of iohexol solution contains 1.21 mg 
tromethamine and 0.1 mg edetate calcium disodium with the pH adjusted between 6.8 and 7 7 with hydrochloric 
acid or sodium hydroxide. All solutions are sterilized by autoclaving, are nonpyrogenic, and contain no 
preservatives, so unused portions should be discarded 


CONTRAINDICATIONS-Intrathecal: OMNIPAQUE should not be administered to patients with a known 
hypersensitivity to iohexol. Myelography should not be performed in the presence of significant local or systemic 
infection where bacteremia is likely. Intrathecal administration of corticosteroids with OMNIPAQUE is contraindi- 
cated Because of the possibility of overdosage, immediate repeat myelography in the event of technical failure is 
contraindicated 

WARNINGS-General: lí grossly bloody CSF is encountered, the possible benefits of a myelographic procedure 
should be considered in terms of the risk to the patient. 

Caution is advised in patients with a history of epilepsy, severe cardiovascular disease, chronic alcoholism, or 
multiple sclerosis 

Elderly patients may present a greater risk following myelography. The need for the procedure in these patients 
should be evaluated carefully. Special attention must be paid to dose and concentration of the medium used, 
hydration, and technique used 

Patients who are receiving anticonvulsants should be maintained on this therapy. Should a seizure occur, 
intravenous diazepam or phenobarbital sodium is recommended. In patients with a history of seizure activity who 
are not on anticonvulsant therapy, premedication with barbiturates should be considered 

Prophylactic anticonvulsant treatment with barbiturates should be considered in patients with evidence of 
inadvertent intracranial entry of a large or concentrated bolus of the contrast medium, since there may be an 
increased risk of seizure in such cases 

Drugs that lower the seizure threshold, especially phenothiazine derivatives, including those used for their 
antihistamine or antinauseant properties, are not recommended for use with OMNIPAQUE. Others include MAO 
inhibitors, tricyclic antidepressants, CNS stimulants, and psychoactive drugs described as analeptics, major 
tranquilizers, or antipsychotic drugs. While the contributory role of these medications has not been established, 
the use of such drugs should be based on physician evaluation of potential benefits and potential risks. Physicians 
have discontinued these agents at least 48 hours before and for at least 24 hours postprocedure. Care is required 
in patient management to prevent inadvertent intracranial entry of a large dose or concentrated bolus of the 
medium. Also, effort should be directed to avoid rapid dispersion of the medium causing inadvertent rise in 
intracranial levels (eg, by active patient movement). Direct intracisternal or ventricular administration for standard 
radiography (not CT) is not recommended 

In most reported cases of major motor seizures with nonionic myelographic media, one or more of the following 
factors were present Therefore avoid: 

e Deviations from recommended procedure or in myelographic management 

e Use in patients with a history of epilepsy 

* Overdosage 

+ Intracranial entry of a bolus or premature diffusion of a high concentration of the medium 

e Medication with neuroleptic drugs or phenothiazine antinauseants. 

« Failure to maintain elevation of the head during the procedure, on the stretcher, or in bed 

+ Excessive and particularly active patient movement or straining 

PRECAUTIONS—General: Diagnostic procedures that involve the use of radiopaque diagnostic agents should 
be carried out under the direction of personnel with the prerequisite training and with a thorough knowledge of the 
particular procedure to be performed. Appropriate facilities should be available for coping with any complication of 
the procedure, as well as for emergency treatment of reactions to the contrast agent itself. After parenteral 
administration of a radiopaque agent, competent personnel and emergency facilities should be available, since 
delayed reactions have been reported (see ADVERSE REACTIONS) 

Preparatory dehydration may be dangerous and may contribute to acute renal failure in patients with advanced 
vascular disease, diabetic patients, and in susceptible nondiabetic patients (often elderly with preexisting renal 
disease) Dehydration in these patients seems to be enhanced by the osmotic diuretic action of contrast agents 
Patients should be well hydrated prior to and following iohexo! administration. 

The possibility of a reaction, including serious, life-threatening, fatal, anaphylactoid, or cardiovascular 
reactions, should always be considered (see ADVERSE REACTIONS). Therefore, it is of utmost importance that a 
course of action be carefully planned in advance for the immediate treatment of serious reactions, and that 
adequate and appropriate facilities and personnel he readily available in case of a severe reaction 

The possibility of an idiosyncratic reaction in susceptible patients should always be considered (see ADVERSE 
REACTIONS). The susceptible population includes patients with a history of a previous reaction to contrast media, 
patients with a known sensitivity to iodine per se, and patients with a known clinical hypersensitivity: bronchial 
asthma, hay fever, and food allergies 

A thorough medical history with emphasis on allergy and hypersensitivity, prior to the injection of any contrast 
medium, may be more accurate than pretesting in predicting potential adverse reactions 

A positive history of allergy or hypersensitivity does not arbitrarily contraindicate the use of a contrast agent 
where a diagnostic procedure is thought essential, but caution should be exercised (see ADVERSE REACTIONS) 
Premedication with antihistamines or corticosteroids, to avoid or minimize possible allergic reactions in such 
patients, should be considered 

in patients with severe renal insufficiency or failure, compensatory biliary excretion of the drug is anticipated to 
occur, with a slow Clearance into the bile. Patients with hepatorenal insufficiency should not be examined unless 
the possibility of benefit clearly outweighs the additional risk. Sterile technique must be used with any spinal 
puncture 

When OMNIPAQUE is to be injected using plastic disposable syringes, the contrast medium should be drawn 
into the syringe and used immediately. If nondisposable equipment is used, scrupulous care should be taken to 
prevent residual contamination with traces of cleansing pi Parenteral drug products should be 
inspected and discarded if particulate matter or discoloration is present. 

Repeat Procedures. \t in the clinical judgment of the physician sequential or repeat examinations are required, a 
suitable interval of time between administrations should be observed to allow for normal clearance of the drug 
from the body 
Information for Patients: When receiving injectable radiopaque diagnostic agents, inform your physician: 

if you are pregnant; if you are diabetic; if you have multiple myeloma, pheochromocytoma, homozygous sickle 

cell disease, or known thyroid disorder: if you are allergic to any drugs or food or if you had any reactions to 

previous injections of dyes used for x-ray procedures; about any other medications you are currently taking, 
including nonprescription drugs, before you are administered this drug 
Drug Interactions (See WARNINGS-General): In nonelective procedures in patients on the drugs described, 
consider prophylactic use of anticonvulsants 
Carcinogenesis, Mutagenesis, Impairment of Arbrit No long-term animal studies have been performed 
to evaluate carcinogenic potential, mutagenesis, or whether OMNIPAQUE can affect fertility in men or women 
Pregnancy Category B: Reproduction studies have been performed in rats and rabbits with up to 100 times the 
recommended dose. No evidence of impaired fertility or harm to the fetus has been demonstrated due to 
OMNIPAQUE; there are, however, no studies in pregnant women. Because animal reproduction studies are not 
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OMNIPAQUE® injection (iohexol) 


Nursing Mothers: It is not known to what extent iohexol is excreted in human milk However, many injectable 
contrast agents are excreted unchanged in human milk. Although it has not been established that serious adverse 
reactions occur in nursing infants, caution should be exercised when intravascular contrast media are 
administered to nursing women. Bottle feedings may be substituted for breast feedings for 24 hours following 
administration of OMNIPAQUE 

Pediatric Use: Safety and effectiveness in children have not been established. 

ADVERSE REACTIONS-Intrathecal: The most frequently reported adverse reactions with OMNIPAQUE 180, 
OMNIPAQUE 240, and OMNIPAQUE 300 are headache, mild to moderate pain including backache, neck ache and 
stiffness, nausea and vomiting. These reactions usually occur 1 to 10 hours after injection, and almost all occur 
within 24 hours. They are usually mild to moderate in degree, lasting for a few hours and usually disappearing 
within 24 hours. Rarely, headaches may be severe or persist for days. Headache is often accompanied by nausea 
and vomiting and tends to be more frequent and persistent in patients not optimally hydrated. Transient alterations 
in vital signs may occur and their significance must be assessed on an individual basis. Those reactions reported 
in clinical studies with OMNIPAQUE are listed below in decreasing order of occurrence, based on clinical studies 
of 1,624 patients 

Headaches: The most veguen occurring adverse reaction following myelography has been headache, with an 
incidence of approximately 18%. Headaches may be caused either by a direct effect of the contrast medium or by 
CSF leakage at the dural puncture site. However, in managing the patient, it is considered more important to 
minimize intracranial entry of contrast medium by postural management than to attempt to control possible CSF 
leakage (see PATIENT MANAGEMENT) 

Pain: Mild to moderate pain muan backache, neck ache and stiffness, and neuralgia occurred following 
injection, with an incidence of about 8%. 

Nausea and Vomiting: Nausea was reported with an incidence of about 6%, and vomiting about 3% (see PATIENT 
MANAGEMENT) U hiik hydration is very important. The use of phenothiazine antinauseants is not 
tae (see WARNINGS-General). Reassurance to the patient thal the nausea will clear usually is all that is 
require 

Dizziness: Transient dizziness was reported in about 2% of the patients. 

Other Reactions: Other reactions occurring with an individual incidence of less than 0.1% included: feeling of 
heaviness, hypotension, hypertonia, sensation of heal, riage vertigo, loss of appetite, drowsiness, 
hypertension, photophobia, tinnitus, neuralgia, paresthesia, difficulty in micturition, and neurological changes. All 
were transient and mild with no clinical sequelae. 

General Adverse Reactions to Contrast Media: Physicians should remain alert for the occurrence of adverse effects 
in addition to those discussed above, particularly the following reactions which have been reported in the literature 
for other nonionic, water-soluble myelographic media and rarely with iohexol. These have included, but are nol 
limited to, aseptic and bacterial meningitis and CNS and other neurologic disturbances 

An aseptic meningitis syndrome has been reported hai (less than 0.01%). It was usually preceded by 
penne headaches, nausea, and vomiting. Onset usually occurred about 12 to 18 hours postprocedure 

ominent features were meningismus and fever, sometimes with oculomotor oe and mental confusion. Lumbar 
puncture revealed a high white cell count and high protein content, often with a low glucose level and absence of 
organisms. The condition usually started to clear spontaneously about 10 hours after onset. with complete 
recovery over 2 to 3 days 
Allergy or Idiosyncrasy: Chills, fever, profuse diaphoresis, pruritus, urticaria, nasal congestion, dyspnea, and 
Guillain-Barré syndrome 
CNS Irritation: Mild and transitory perceptual aberrations, such as hallucinations, depersonalization, amnesia, 
hostility, amblyopia, diplopia, photophobia, psychosis, insomnia, anxiety, depression, hyperesthesia, visual or 
auditory or speech disturbances, confusion and disorientation. In addition, malaise, weakness, EEG god ae 
meningismus, hyperreflexia or areflexia, hypertonia or flaccidity, hemiplegia, paralysis, quadriplegia, restlessness, 
tremor, echoacousia, echolalia, asterixis, and dysphasia have occurred. 

Profound mental disturbances have also rarely been reported: various forms and degrees of aphasia, mental 
confusion, or disorientation Onset is usually at 8 to 10 hours and lasts for about 24 hours. Occasionally, they have 
been manifest as apprehension, agitation, or progressive withdrawal in several instances to the point o 
somnolence, stupor, and coma. In a few cases, these have been accompanied by transitory hearing loss or other 
auditory symptoms and visual disturbances (believed subjective or delusional), including unilateral or bilateral 
loss of vision, which may last for hours. In one case, persistent cortical loss of vision has been reported in 
association with convulsions. Ventricular block has been reported; amnesia of varying degrees may be present for 
the reaction event, 

Rarely, persistent though transitory weakness in the leg or ocular muscles has been reported Peripheral 
neuropathies have been rare and transitory, They include sensory and/or motor or nerve root disturbance, 
myelitis, persistent leg muscle pain or weakness, 6th nerve palsy, or cauda equina syndrome. Muscle cramps, 
fasciculation or myoclonia, spinal convulsion, or spasticity are unusual and have responded promptly to a small 
intravenous dose of diazepam. 

In general, the reactions that are known to occur on parenteral administration of iodinated contrast agents are 
possible with any nonionic agent. Approximately 95% of adverse reactions accompanying the use of water-soluble 
contrast agents are mild to moderate in degree. However, severe, life-threatening, anaphylactoid, and fatal 
reactions, mostly of cardiovascular origin, have occurred. Adverse reactions to injectable contrast media fall into 
two categories: chemotoxic reactions and idiosyncratic reactions. 

Chemotoxic reactions result from the physicochemical properties of the contrast medium, the amount of the dose 
and the speed of injection. All hemodynamic disturbances and injuries to organs or vessels perfused by the 
contrast medium are included in this category 

Idiosyncratic reactions occur more frequently in patients 20 to 40 years old and may or may not be dependent on 
the amount of dose injected, the speed of injection, and the radiographic procedure. They are subdivided into 
minor, intermediate, and severe. The minor reactions are self-limited and of short duration; the severe reactions 
are life-threatening, and treatment is urgent and mandatory. 

The reported incidence of adverse feactions to the contrast medium in patients with a history of allergy is twice 
that of the general population. Patients with a history of previous reactions to a contrast medium are three times 
more susceptible than other patients. However, sensitivity to contrast media does not appear to increase with 
repeated examination. 

Most adverse reactions to injectable contrast media appear within 1 to 3 minutes after the start of injection, but 
delayed reactions may occur. 

OVERDOSAGE: Although clinical consequences of overdosage with OMNIPAQUE have not been reported, 
physicians should be aware that incorrect management of the patient can permit inadvertent early intracranial entry 
of normal doses of the medium, thereby increasing CNS reactions 

_ The intracisternal LDsg value of OMNIPAQUE (in grams of iodine per kilogram body weight) is greater than 2.0 
in mice 

References: 1. Kieffer SA, Binet EF Davis DO, et al: Lumbar myelography with iahexol and metrizamide: 

A comparative multicenter prospective study. Radiology 1984; 151:665-670. 2. Shaw DD, Bach-Gansmo T, 
Dahlstrom K: lohexol: summary of North American and European clinical trials in adult lumbar, thoracic, and 
cervical myelography with a new nonionic contrast medium. /nvest Radiol 1985; 20(supp! 1):44-50. 3. Latchaw RE 
Hirsch WL Jr, Horton JA, et al: lohexol vs metrizamide: Study of efficacy and morbidity in cervical myelography 
AJNR 1985; 6:931-933. 4. Data on file, Winthrop Pharmaceuticals. §. Lamb JT: lohexol vs. ‘opamidol for 
myelography. /nvest Radio! 1985; 20(suppl 1):37-43. 
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YOU KNOW ALL ABOUT IMAGING NEGATIVES. 


c 1986 Raytheon Medical Systems 





NOW, RAYTHEON OFFERS YOU SOME POSITIVES. 


Take heart. Those imaging nega- 
tives you face every day may not 


be as overwhelming as they seem. 


Dwindling budgets. Escalating 
costs. Runaway technology. 
Problems, all. Negatives, all. Yet 
there is a way to cope. There is a 
way to convert those imaging 
negatives into positives. 
Raytheon Medical Systems! 
You demand quality imaging 
systems! Raytheon delivers. You 
demand prices that won't upset 


your budget! Raytheon delivers. 
And you demand excellent imaging 
results! Again, Raytheon delivers. 
Because Raytheon Medical 
Systems believes that quality starts 
with fundamentals. And because 
we are part of a /-billion-dollar 
multinational company, we offer the 
fundamentals that are important to 
you: strength, capability, support. 
Raytheon Medical Systems can 
provide the knowledge, the 
resources, and the insight required 


to deliver the kind of imaging 
equipment you want. 

Raytheon Medical Systems. The 
one imaging company with the 
capabilities and the commitment 
that can change your negatives 
into positives. 





MEDICAL SYSTEMS 
2020 North Janice Avenue 
Melrose Park, Illinois 60160 
1-312-865-2600 
1-800-323-2213 


ELEMA-SCHONANDER 


PUCK ‘Angiographic Filmchanger Systems 
THE PUCK ADVANTAGE— durability... reliability 


PUCK UD4...position-independent sheet-fi 
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e UNMATCHED HISTORY 
of reliability and 
performance , E 


e RECOGNIZED a“ 
DURABILITY 
means many years of 
useful life...lower cost 
per examination... 
economy 





e DEDICATED SYSTEMS 
for optimized film 
transport in all 
positions 


e POSITIVE FILM 
SEPARATION 
through spacers 
in loading magazine 
virtually prevents 
film-sticking and 
double film-feeding 


e ADEQUATE 
EXPOSURE TIME 
for magnification 
technique at 4 exp/sec 
(2 exp/sec in alternate 
biplane) 


e SYNCHRONIZED 
BIPLANE OPERATION 
for simultaneous or alternate 
exposures. Two PUCK U4’... 
or one PUCK UD4 plus 
one PUCK U4... 
or two PUCK UD4’s. 
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4 exposures/second 


2 exp/sec in each plane 
in alternate biplane operation 
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4 exposures/second 


2 exp/sec in each plane 
_ in alternate biplane operation 
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SEP U1...computerized 
program control for 
PUCK filmchangers 


4 exposures/second 


2 exp/sec in each plane 
in alternate biplane operation 





VERSATILE...RESPONSIVE...PROGRAMMABLE 


SEP U1 Computerized Program Control allows complex exam- 
inations to be conducted conveniently and accurately by utilizing 
microprocessor technology. 


Nineteen user-designed examination programs can be stored in 
memory and displayed on SEP’s screen in real-time, second- 
by-second. Programs can be temporarily altered, permanently 
revised, or replaced. Up to 3 PUCKS can be controlled by one 
SEP U1 in single-plane or biplane operation. Interfaces with other 
system components, e.g., injector, moving table-top, ECG 
triggering device. 


For further information contact: 
Elema-Schonander, Inc. 
2360 North Palmer Drive 

P.O. Box 94517 

Schaumburg, IL 60173-3887 
elema-schonander Telephone (312) 397-5900 
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There are reasons 


XS. XRAY ACCESSORIES 


are preferred... 
PROVEN ivevsnou'se sone" 
UNEQUALLED in design, construction and—quality 
REPUTATION sirasiga 










e Motorized Viewers 
e |iluminators 

e Transfer Cabinets 
è File Cabinets 

e Protective Panels 
e Protective Aprons 

e Wall Cassette Holders 
e Dryers 

e Safelights 
e Dark Room Cabinets 
e Storage Chests 

è Loading Bins 

è X-Ray Accessories 





For more than 30 years, S. & S. has been meeting 
Radiologists needs with a complete line of 
e ea 3 illuminators and accessories. 
-T ; Contact S. & S. or your local x-ray dealer for 
additional information. 














CIRCLE 9 ON READER SERVICE CARD 
MANUFACTURED BY 
S. & S. X-RAY PRODUCTS INC. 


The Complete Line of 
X-Ray Accessories 
(800)221-6634 


Telephone: (212) 852-6900 
87-93 JAY STREET, BROOKLYN, N.Y. 11201 













FREE! Call today for 
NEW 92-page X-RAY Equipment 
& Accessories Catalog. 






SIEMENS 


At Siemens we have the experience you're looking for. In 
facilities planning, equipment installation, staff training, 
lease financing...and thoroughly proven c-arm imaging 
systems installed in over 1,000 clinical sites. 


Vascular imaging specialists know that Siemens 

BICOR® and ANGIOSKOP® systems represent the widest 
choice in imaging systems available anywhere. Plus they 
can select from a complete line of support products 
including X-ray generators, film changers, DSA 
equipment, and computerized data management 
systems. 


Siemens equipment is compatible in engineering and 
design so that all room components perform as they 
should. And because we manufacture it, we control the 
quality. There’s no better way to assure investment 
protection and long-term dependable performance. 





A Siemens partnership also provides security for the 
future. We'll help you stay efficient and up to date with new 
enhancements like our 40cm ||... DSA mass storage 
device...highload image tubes...and rapid pulse 
generators. 

Siemens has the products and the services to support 
your cardiac, angiographic, and interventional studies. Talk 
to us and share the experience. 


Siemens Medical Systems, Inc. In Canada: 
186 Wood Avenue South Siemens Electric Ltd. 
Iselin, NJ 08830 1180 Courtney Park Drive 


CIRCLE 8 ON READER SERVICE CARD Mississauga, Ontario LST 1P2 
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Tecnomed USA 


BAY SHORE MEDICAL EQUIPMENT CORP. 


The TecRad FT general radiographic 
system consists of a 600 mA single 
phase x-ray generator, a four-way 
floating top, horizontal bucky table, in- 
tegrally mounted tubestand with X-ray 
tube and collimator. The basic system 
has several optional components that 
may be added to, or substituted for, 
basic components to tailor a system 
to specific needs. System construction 
makes it suitable for use in hospitals 
as a back up radiographic room, in out- 
patient departments, clinics, public 
health agencies, industrial clinics, or 
orthopedic clinics. 





The TecRad generator consists of a 
solid state control with a separate high 
voltage transformer. The transformer 
is housed within the table body in 
single room installations. This 
generator is limited to radiographic 
capabilities with no provision for 
fluoroscopic functions. 


The TecRad FT table consists of a 
table base, housing the electronics 
and high voltage transformer, a bucky 
assembly, a four-way floating radio- 
graphic table top and an integrally 
mounted tubestand. 


™ TecRad is a trademark of Bay Shore Medical Equipment Corporation. 


TecRad™ FT 


Radiographic System 


The combined tubestand and bucky 
travel permits a radiographic center to 
center coverage of 65 inches (1651 
mm). This travel permits head to toe 
radiographic coverage on an average 
adult patient without having to move 
the patient. Tubesiand motions permit 
cart radiography behind the table, off 
table stretcher or wheel chair radio- 
graphy, cross table laterals and de- 
cubitus exposures, angled views of the 
skull or trunk of the body, and upright 
studies with wall cassette or erect 
bucky devices. 


~A 
235 South Fehr Way, Bay Shore, New York 11706 e 516/586-1991-Telex II 510-227-9837 
CIRCLE 10 ON READER SERVICE CARD Telefax 516/242-4421 


In peripheral arteriography/venography: 


Because you cant be sure Now 
every patient will react... 


Improve the safety profile. 







D Significant improvement in patient comfort. 
Lower incidence of adverse reactions than 
with conventional ionic media." 


Side Effects in Venography i Percent of Patients 
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Sensation 
of heat 





Edema 


Skin reaction 
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Vomiting 





Thrombophlebitis {0 
(superficial) 
dapted from Enge.? 





n Excellent vascular tolerance. 
Lower incidence of thrombophlebitis.? 


D Excellent cardiovascular profile. 
Reduced effect on blood pressure and 
heart rate.*° 


Pulsation should be present in the artery 3 . 


to be injected. 











NONIONIC 


See next page for important product infor- . 


mation concerning contraindications, warn- 
ngs, adverse reactions patent selection’ ~— (IC )HIEXOL) THE NEW STANDARD IN 
ENHANCED VASCULAR IMAGING 


OMNIPAQUE’ 


INJECTION (IOHEXOL) 
INTRAVASCULAR 





PLEASE CONSULT FULL PRODUCT INFORMATION BEFORE USING. 

A SUMMARY FOLLOWS: 

DESCRIPTION: OMNIPAQUE is a nonionic, water-soluble radiographic contrast medium 
for intravascular administration and is provided in iodine concentrations of 240, 300, and 
350 mgl/mL. Each milliliter of iohexol solution contains 1.21 mg tromethamine and 0.1 mg 
edetate calcium disodium with the pH adjusted between 6.8 and 7.7 with hydrochloric acid or 
sodium hydroxide, but it contains no preservatives 

CONTRAINDICATIONS: OMNIPAQUE should not be administered to patients with a known 
hypersensitivity to iohexol. 

WARNINGS: OMNIPAQUE should be used with extreme care in patients with: severely impaired 
renal and/or hepatic function; severe thyrotoxicosis, hyperthyroidism, or an autonomously 
functioning thyroid hodule; diabetes with a serum creatinine level above 3 mg/dL. Not 
recommended for use in patients with anuria. 

Patients with known or suspected pheochromocytoma should receive a minimum of contrast 
medium if benefit of the exam is judged to outweigh risk; blood pressure should be monitored 
ir og the procedure, and measures for the treatment of hypertensive crisis should be readily 
available. 

Contrast agents are potentially hazardous in patients with multiple myeloma or other 
paraproteinemia, particularly those with therapeutically resistant anuria. The combination of 
contrast agent and dehydration may precipitate myeloma protein in the renal tubules. No form of 
therapy, including dialysis, has been successful in reversing the effect. Myeloma, which occurs 
most commonly in persons over age 40, should be considered before instituting intravascular 
administration of contrast agents. 

PRECAUTIONS: Diagnostic procedures that involve the use of radiopaque diagnostic agents 
should be carried out under the direction of personne! with the prerequisite training and with a 
TO knowledge of the particular procedure to be performed. Appropriate facilities should be 
available for coping with any complication of the procedure, as well as for emergency treatment of 
severe reactions to the contrast agent itself. Competent personnel and emergency facilities should 
be available for at least 30 to 60 minutes postprocedure. The possibility of serious, life- 
threatening, fatal, anaphylactoid, or cardiovascular reactions should always be considered (see 
ADVERSE REACTIONS). It is of utmost importance that a course of action be carefully planned in 
advance for immediate treatment of serious reactions. Preparatory dehydration is dangerous and 
may contribute to acute renal failure in patients with advanced vascular disease, diabetic patients, 
and in susceptible nondiabetic patients (often elderly with preexisting renal disease). Patients 
should be well hydrated prior to and following iohexol administration. Careful consideration to the 
potential risk of acute renal failure should be given before performing excretory urography in 
diabetic patients with diabetic nephropathy and in susceptible nondiabetic patients (often elderly 
with preexisting renal disease). Immediately following surgery, excretory urography should be 
used with caution in renal transplant recipients, The possibility of an idiosyncratic reaction in 
susceptible patients should always be considered (see ADVERSE REACTIONS). The susceptible 
population includes patients with a history of a previous reaction to contrast media, patients with a 
known sensitivity to iodine per se, and patients with a known clinical hypersensitivity: bronchial 
asthma, hay fever, and food allergies. A thorough medical history with emphasis on allergy and 
hypersensitivity, prior to the injection of any contrast media, may be more accurate than pretesting 
in predicting potential adverse reactions. 

A positive history of allergies or hypersensitivity does not arbitrarily contraindicate the use of a 
contrast agent where a diagnostic procedure is thought essential, but caution should be exercised 
(see ADVERSE REACTIONS). Premedication with antihistamines or corticosteroids to avoid or 
minimize possible allergic reactions in such patients should be considered. Recent reports 
indicate that such pretreatment does not prevent serious, life-threatening reactions but may reduce 
both their incidence and severity. 

Even though the osmolality of OMNIPAQUE is low compared to diatrizoate- or iothalamate- 
based ionic agents of comparable iodine concentration, the potential transitory increase in 
circulatory osmotic load in patients with congestive heart failure requires caution during injection 
These patients should be observed for several hours following the procedure to detect delayed 
hemodynamic disturbances. 

Angiography should be avoided whenever possible in patients with homocystinuria, because of 
the risk of inducing thrombosis and embolism. 

In angiographic procedures, the possibility of dislodging plaques or damaging or perforating 
the vessel wall should be borne in mind during the catheter manipulations and contrast medium 
injection. Test injections to ensure proper catheter placement are recommended. 

Selective coronary arteriography should be performed only in those patients in whom the 
expected benefits outweigh the potential risk. The inherent risks of angiocardiography in patients 
with er pulmonary emphysema must be weighed against the necessity for performing this 
procedure. 

When OMNIPAQUE is to be injected using plastic disposable syringes, the contrast medium 
should be drawn into the syringe and used immediately. 

The inhibitory effects of nonionic contrast media on mechanisms of hemostasis have been 
shown, in vitro, to be less than those of ionic contrast media at comparable concentrations. For 
this reason, standard angiographic procedures should always be followed: angiographic catheters 
should be flushed frequently, and prolonged contact of blood with contrast media in syringes and 
catheters should be avoided. 

If nondisposable equipment is used, scrupulous care should be taken to prevent residual 
contamination with traces of cleansing agents. 

Drug/Laboratory Test Interaction: lf iodine-containing isotopes are to be administered for the 
diagnosis of thyroid disease, the iodine-binding capacity of thyroid tissue may be reduced for up 
to 2 weeks after contrast medium administration. Thyroid function tests which do not depend on 
iodine estimation, eg, T, resin uptake or direct thyroxine assays, are not affected. 


OMNIPAQUE® injection (iohexol) 


Carcinogenesis, Mutagenesis, Impairment of Fertility: No long-term animal studies have 
been performed to evaluate carcinogenic potential, mutagenesis, or whether OMNIPAQUE can 
affect fertility in men or women. 

Pregnancy Category B: Reproduction studies have been performed in rats and rabbits with up 
to 100 times the recommended human dose. No evidence of impaired fertility or harm to the fetus 
has been demonstrated due to OMNIPAQUE. There are, however, no studies in pregnant women. 
Because animal reproduction studies are not always predictive of human response, this drug 
should be used during pregnancy only if clearly needed. 

Nursing Mothers: It is not known to what extent iohexol is excreted in human milk. However, 
many injectable contrast agents are excreted unchanged in human milk. Although it has not been 
established that serious adverse reactions occur in nursing infants, caution should be exercised 
when intravascular contrast media are administered to nursing women. Bottle feedings may be 
substituted for breast feedings for 24 hours following administration of OMNIPAQUE. 

Pediatric Use: Safety and effectiveness in children have not been established. 

ADVERSE REACTIONS: Usually mild to moderate in severity. However, serious, life-threatening, 
and fatal reactions, mostly of cardiovascular origin, have been associated with the administration 
of iodine-containing contrast media including OMNIPAQUE. The injection of contrast media is 
frequently associated with the sensation of warmth and pain, especially in peripheral angiography; 
ltt warmth are less frequent and less severe with OMNIPAQUE than with many contrast 
media. 

Cardiovascular System: Arrhythmias including PVCs and PACs (3%), angina/chest pain (2%), 
and hypotension (1%). Others including cardiac failure, asystole, bradycardia, tachycardia, and 
vasovagal reaction were reported with an individual incidence of less than 0.8%. In controlled 
Clinical trials involving 900 patients, one fatality occurred. A cause-and-effect relationship between 
this death and iohexo! has not been established. 

Nervous System: Pain (6%), photomas (3%), headache (2%), and metallic taste (0.8%). Others 
including anxiety, blurred vision, dizziness, fever, motor and speech dysfunction, convulsion, 
lightheadedness, paresthesia, somnolence, vertigo, stiff neck, hemiparesis, and nystagmus were 
reported, with an individual incidence of less than 0.3%. 

Respiratory System: Dyspnea and laryngitis, with an individual incidence of 0.1% 
Gastrointestinal System: Nausea (2%) and vomiting (0.5%). Others including diarrhea, 
dyspepsia, and dry mouth were reported, with an individual incidence of 0.1% 

Skin and Appendages: Urticaria (0.3%) and purpura (0.1%). 

General Adverse Reactions to Contrast Media: The following reactions have been reported 
after administration of other intravascular iodinated contrast media. Reactions due to technique: 
hematomas and ecchymoses. Hemodynamic reactions: vein cramp and thrombophlebitis 
following intravenous injection. Cardiovascular reactions: rare cases of cardiac arrhythmias, reflex 
tachycardia, chest pain, cyanosis, hypertension, hypotension, peripheral vasodilatation, shock, 
and cardiac arrest. Rena/ reactions; occasionally, transient proteinuria; rarely, oliguria or anuria. 
Allergic reactions: asthmatic attacks, nasal and conjunctival symptoms, dermal reactions such as 
urticaria with or without pruritus, as well as pleomorphic rashes, sneezing, and lacrimation; rarely, 
anaphylactic reactions. Rare fatalities have occurred due to these or unknown causes. Signs and 
symptoms related to the respiratory system: pulmonary or laryngeal edema, bronchospasm, 
dyspnea; or to the nervous system: restlessness, tremors, convulsions. Other reactions: flushing, 
pain, warmth, metallic taste, nausea, vomiting, anxiety, headache, confusion, pallor, weakness, 
Sweating, localized areas of edema (especially facial cramps), neutropenia, and dizziness. Rarely, 
immediate or delayed rigors can occur, sometimes accompanied by hyperpyrexia. Infrequently, 
“iodism” (salivary gland swelling) from organic iodinated compounds appears 2 days after 
exposure and subsides by the sixth day. 

In general, the reactions that are known to occur upon parenteral administration of iodinated 
contrast agents are possible with any nonionic agent. Approximately 95% of adverse reactions 
accompanying the use of water-soluble intravascularly administered contrast agents are mild to 
moderate in degree. However, severe, life-threatening anaphylactoid reactions, mostly of 
cardiovascular origin, have occurred. 

Reported incidences of death range from 6.6 per 1 million (0.00066%) to 1 in 10,000 (0.01%) 
Most deaths occur during injection or 5 to 10 minutes later, the main feature being cardiac arrest, 
with cardiovascular disease as the main aggravating factor. Isolated reports of hypotensive 
collapse and shock are found in the literature. The incidence of shock is estimated to be 1 out of 
10,000 (0.005%) patients 

Adverse reactions to injectable contrast media fall into two categories: chemotoxic reactions 
and idiosyncratic reactions. 

Chemotoxic reactions result from the physicochemical properties of the contrast media, the 
amount of dose injected, and the speed of injection. All hemodynamic disturbances and injuries to 
organs or vessels perfused by the contrast medium are included in this category. 

Idiosyncratic reactions include all other reactions. They occur more frequently in patients 20 to 
40 years old. Idiosyncratic reactions may or may not be dependent on the amount of dose injected, 
the speed of injection and the radiographic procedure. Idiosyncratic reactions are subdivided into 
minor, intermediate, and severe. The minor reactions are self-limited and of short duration; the 
severe reactions are life-threatening and treatment is urgent and mandatory. 

The reported incidence of adverse reactions to contrast media in patients with a history of 
allergy is twice that in the general population. Patients with a history of previous reactions to a 
contrast medium are three times more susceptible than other patients. However, sensitivity to 
contrast media does not appear to increase with repeated examinations. 

Most adverse reactions to injectable contrast media appear within 1 to 3 minutes after the start 
of injection, but delayed reactions may occur. 

Regardless of the contrast agent employed, the overall estimated incidence of serious adverse 
reactions is higher with angiocardiography than with other procedures. Cardiac decompensation, 
serious arrhythmias, angina pectoris, or myocardial ischemia or infarction may occur during 
angiocardiography and left ventriculography. Electrocardiographic and hemodynamic abnor- 
malities occur less frequently with OMNIPAQUE than with diatrizoate meglumine and diatrizoate 
Sodium injection. 
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p 173. 5. Higgins CB, Mancini GBJ, Bloomquist JN, et al: Cardioangiography in man using 
iohexol and meglumine-Na diatrizoate: A comparison of hemodynamic and electrocardiographic 
effects. Acta Radio/ 1983; supp! 366, pp 111-114 
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The leader in clinical versatility 
RT 3600... your first choice in ultrasound 


The one ultrasound system 
that can meet virtually all of your 
sonography needs—the RT 3600™ 
system from General Electric. 


With a wide selection of innova- 


tive specialty probes, RT 3600 lets 
you perform a complete range of 
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E Comprehensive adult 
abdominal imaging. 

OB/Gyn, pediatric and neonatal 
imaging. 


Intracavitary, intraoperative and 
biopsy procedures. 
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and flow analysis. 


Neurosurgical procedures. 


High resolution imaging of 
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patients with a single system. 
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systems, which are mechanical, 
RT 3600 has no moving parts to 
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“problem bubbles.” 


RT 3600 delivers diagnostic 
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with true phased array ultrasound. 
Simultaneous display of sector 
image and pulsed Doppler data. 
One-button access to all modes. 


The RT 3600 ultrasound 
system is complemented by several 
new intracavitary transducers, 
providing excellent ultrasound 
access to complex pelvic anatomy. 


The on-board computer 
features sophisticated computa- 
tional and gestational software 
packages for instant readouts. 


Investment security 


The RT 3600 is an economical, 
comprehensive ultrasound system 
with all the long term commit- 
ments you expect from GE. 

Outstanding image quality and 
reliability, worldwide service and 
unmatched versatility combine to 
make RT 3600 your first choice in 
ultrasound. 


Find out more about the 
surprisingly affordable RT 3600 
system. Call toll free 800-624-5692 
today. 


CIRCLE 27 ON READER SERVICE CARD 


GENERAL QA ELECTRIC 









7.5 MHz linear probe. High frequency 
transducer with wide 60 mm field of 
view. High resolution near field imaging 
of structures such as thyroids, carotid 
arteries, breasts and testicles. 

SEN 


le 


Biplane transrectal sector probe. 
This innovative high frequency dual 


element sector probe provides transverse 
and longitudinal sector capabilities for 
high resolution imaging of the prostate 
gland in a single phased array probe. 


= rer 







NEW , 
Transvaginal probe. 64 channel 
5 MHz probe with 90° field of view 
Uses include specialized fertility 
applications—monitoring follicle growth, 
CVS and follicle aspiration—as well as 
other OB/Gyn imaging. 


'Pending FDA approval. 


00-5 od male with palpable 
abdominal mass. 
Al dominal aortic aneurysm. 
Si rgical aorto-bifemoral bypass. 
Abdominal aortogram requires high 
ptrast flow for maximum filling and 
superior visualization of the aorta. Pig- 
il cat theter must retain shape during 
jection for safe delivery of large 
Se Di olus. 
renci a Medi- tech High Flow pigtail, 
. One of the complete line of High 


Angiographic Catheters for flush 

elective studies, combining advanced 

ology with strict clinical standards 
ty and reliability. 





Joseph A. Utz'* 
Robert J. Herfkens? 
James A. Heinsimer** 
Thomas Bashore® 
Robert Califf? 

Gary Glover 

Norbert Pelc? 

Ann Shimakawa? 


Received August 18, 1986; accepted after revi- 
sion January 20, 1987. 


‘Department of Radiology, Uniformed Services 
University of the Health Sciences, Bethesda, MD 
20814-4799. Address reprint requests to J. A. Utz, 
Department of Radiology, Walter Reed Army Med- 
ical Center, Washington, DC 20307. 


2 Department of Radiology, Duke University 
Medical Center, Durham, NC 27710. 


3 Department of Cardiology, Duke University 
Medical Center, Durham, NC 27710. 


* Present address: Noninvasive Cardiology Lab- 
oratory, Division of Cardiology, Department of Med- 
icine, Harper Hospital, Wayne State University 
School of Medicine, 3990 John R. St., Detroit, MI 
48201. 


5 General Electric Co., Milwaukee, WI 53201. 


AJR 148:839-843, May 1987 
0361-803X/87/1485-0839 
© American Roentgen Ray Society 


839 


Cine MR Determination of 
Left Ventricular Ejection 


Fraction 





Cine MR imaging provides tomographic images of the heart with both high spatial and 
high temporal resolution. As many as 32 images per cardiac cycle can be acquired with 
up to four separate anatomic slices and a total imaging time of 128 cardiac cycles. End- 
diastolic and end-systolic volumes were determined in 11 patients, and ejection fractions 
were calculated. The results correlated linearly with those from cardiac catheterization 
(correlation coefficient of .88). 

We conclude that cine MR imaging can be used to obtain quantitative information 
about the heart and has the potential to become a valuable noninvasive means of cardiac 
evaluation. 


Left ventricular ejection fraction is the most commonly used clinical parameter in 
the evaluation of left ventricular function. Current methods of measurement include 
contrast ventriculography [1], echocardiography [2], and radionuclide blood-poo! 
scintigraphy [3-5]. These methods are limited, however, by either geometric 
assumptions or spatial resolution. Conventional MR imaging has been applied in 
the evaluation of left ventricular ejection fraction; however, the methods employed 
are again compromised by limited temporal resolution and the need to make 
geometric assumptions for the calculation of ejection fraction [6, 7]. 

An MR imaging technique has recently been introduced that permits rapid 
acquisition of dynamic MR images of the heart with high temporal and spatial 
resolution. With this technique, up to four anatomic slices of the heart can be 
acquired with a temporal resolution of 32 time frames/cardiac cycle and a minimum 
acquisition time of 128 cardiac cycles. Since the entire heart is imaged, volumes 
can be calculated without making geometric assumptions concerning ventricular 
shape. This report describes our initial experience with this technique in the 
evaluation of left ventricular ejection fraction. 


Materials and Methods 


Cine MR examinations were obtained with a commercially available MR imager operating 
at 1.5 T (GE Signa System, Milwaukee, WI). The technique uses the continuous acquisition 
of MR data with a TR of 21 msec, a gradient-refocused echo at 12 msec, and a limited flip 
angle of 30°. The data are frequency encoded in one direction and phase encoded in the 
orthogonal direction with advancement of the phase-encoding gradient with each R wave 
detected from the patient’s ECG. Matrix sizes of 128 x 256 or 256 x 256 can be obtained 
with acquisition times of either 128 or 256 cardiac cycles, respectively. The resultant spatial 
resolution (for each image of the sequence) for a 40-cm field of view is 1.56 x 3.12 mm or 
1.56 x 1.56 mm for a 128 x 256 or 256 x 256 matrix size, respectively. Proportional higher 
spatial resolution is possible with smaller fields of view. This is equivalent to the spatial 
resolution for a spin-echo technique. The images are then reconstructed by using a 2D 
Fourier transform technique with temporal resolution of up to 32 time frames/cardiac cycle. 
Four simultaneous 5- or 10-mm slices with 32 images/slice can be obtained in any given 
acquisition sequence providing a maximum of 128 images in a minimum of 128 cardiac cycles 
of imaging time. Reconstruction time is currently approximately 20 sec/image. 
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Eleven patients were studied with this technique, and the results 
were compared with those obtained from biplane contrast ventricu- 
lography. A 128 x 256 matrix size was used in each examination 
with either one or two excitations/image. A coronal image was 
obtained in each patient by using a gated spin-echo technique for the 
purpose of localizing transaxial cine MR images. Cine MR images 
were then obtained for the entire heart from the apex to the most 
cephalad portion of the left atrium. The entire left ventricle was imaged 
in all patients. Slice thickness was 1 cm and either two or four slices 
were obtained per acquisition with a 1-cm gap between slices. 
Additional interleaved images were then obtained to fill in these gaps. 

The total number of acquisitions was dependent on the patient's 
heart size and heart rate and on the number of sequences needed. 
A patient with a heart 10 cm in cephalocaudad length and a heart 
rate of 72 beats/min (RR interval = 833 sec) would require five two- 
slice sequences of 1 cm/slice with a matrix size of 128 « 256 anda 
total cine MR imaging time of 9 min. Images were reconstructed at 
16 time frames/cardiac cycle and displayed in a dynamic manner (Fig. 
1). The two largest and three smallest blood-pool images were visually 





Fig. 1.—Eight alternate frames from a 16-image set of cine MR images, 
equally spaced within one cardiac cycle, show contraction of left ventricle. 
Diastole occurs at top left-hand image, and systole is noted in top right 
image. 
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chosen for each 1-cm-thick slice of the left ventricle to approximate 
end-diastole and end-systole, respectively. For each image, a region 
of interest was then manually traced about the left ventricular blood 
pool in the transaxial plane. The number of image voxels within this 
region of interest could then be determined by the computer, and 
blood-pool volume per slice could be calculated by multiplication of 
this number of voxels by the voxel size (Figs. 2 and 3). The largest 
blood-pool volume was taken as end-diastole and the smallest as 
end-systole. The end-systolic and end-diastolic volumes of all slices 
were then added together to determine total left ventricular end- 
systolic volume and end-diastolic volume. From these two determi- 
nations, global ejection fraction could be calculated [(end-diastolic 
volume) — (end-systolic volume)]/(end-diastolic volume). 

Results from cardiac catheterization were availabe for each of the 
11 patients. The cine MR examinations were performed within 3 days 
of the cardiac catheterization in all patients. All catheterization data 
were acquired in a biplane mode, and cardiac volume was calculated 
by a modification of the area-length method validated in the cardiac 
catheterization laboratory by using human casts [8]. 


Results 


Eleven patient studies were evaluated. Focal areas of dys- 
kinesis or akinesis were noted on cardiac catheterization and 
cine MR examination in six of the 11 patients. Left ventricular 
ejection fractions ranged from 23% to 68% at left ventricular 
angiography and from 25% to 63% on cine MR examination. 
The left ventricular ejection fractions determined from the cine 
MR examinations correlated linearly with the ejection fractions 
determined by left ventricular angiography with a slope of 
.752 and a correlation coefficient of .88 (Fig. 4). Cine MR 
imaging and left ventricular angiographic determinations of 
ejection fraction were similar to each other for patients with 
wall-motion abnormalities. 


Discussion 


The left ventricular ejection fraction remains the most com- 
monly used clinical parameter of global left ventricular func- 
tion. At the present time, the most common means of deter- 


Fig. 2.—A, Single image from a 16-image se- 
ries at end-diastole shows sharp border between 
blood pool and left ventricular myocardium. 

B, Same image with region of interest outlined 
for determination of slice volume at end-diastole. 
Note ability of tomographic image to define 
boundary of papillary muscle for exclusion from 
volume determination. 
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Fig. 3.—Single frame at end-systole (A) from 
16-image set shows mitral valve plane for deter- 
mination of systolic region of interest as noted 
in B. 
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Fig. 4.—Results of ejection fraction from cine MR evaluation compared 
with results from cardiac catheterization. Correlation coefficient is .88 and 
intercept is 10. 


mining this parameter are left ventricular angiography, echo- 
cardiography, and gated blood-pool imaging. However, these 
techniques have certain limitations. Left ventricular angiogra- 
phy provides excellent delineation of the left ventricular blood 
pool with high temporal resolution. The method of calculation 
employed for ejection fraction, however, relies on geometric 
assumptions concerning the shape of the left ventricle that 
lead to inaccuracies in patients with dilated ventricles or 
significant wall-motion abnormalities. In addition, the exami- 
nation is highly invasive, involves exposure to radiation and 
contrast material, and frequently requires hospitalization. As 
such, it cannot be used as a screening procedure. In addition, 
the application of an invasive examination for routine moni- 
toring of cardiac function is impractical. 
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Two-dimensional echocardiography has been used for the 
evaluation of ejection fraction [2]; however, it is frequently 
difficult to obtain images of the entire left ventricle. The apex 
of the left ventricle is especially difficult to evaluate with this 
technique, and the estimation of ejection fraction may be 
compromised. 

Gated blood-pool scintigraphy is an accurate means of 
determining left ventricular ejection fractions and is relatively 
independent of geometric assumptions [4, 5]. The technique 
is noninvasive and requires minimal exposure to radiation. 
Temporal resolution is high, but spatial resolution is limited, 
and this can cause difficulties when the left atrial blood pool 
cannot be well separated from the left ventricular region of 
interest. The use of emission CT could circumvent this prob- 
lem, but its availability is limited [9]. In addition, the fact that 
the right ventricular blood pool overlaps with the right atrium 
makes the calculation of right ventricular ejection fractions 
difficult [10]. 

The application of MR imaging to the evaluation of myocar- 
dial function has been well described [11-15], and ejection 
fractions have been calculated by using these images. One 
of the most common methods relies on the area-length cal- 
culation, but this method is subject to the same errors as 
those described above for other procedures. A second 
method uses a variation of Simpson’s rule [16], but is de- 
pendent on geometric assumptions. In up to 10% of cases, 
however, the distinction between left ventricular wall and 
blood pool may be compromised by signal from flowing blood, 
and the imaging time is prolonged since a minimum of two 
acquisitions is required to obtain systolic and diastolic images 
for any given slice. 

A dynamic MR imaging technique has recently been intro- 
duced that combines the high temporal resolution of gated 
blood-pool scintigraphy with the high spatial resolution avail- 
able from MR images; a major advantage of this technique is 
that it does not require that geometric assumptions be made 
about left ventricular shape in order for left ventricular volumes 
to be determined. With this technique, intraventricular blood 
is highlighted and the boundary between the blood pool and 
the myocardium is well defined. The reason for the increased 
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signal from intracavitary blood with this technique is not 
known. It may be due to the short repetition rate used and 
the continuous flow of fully magnetized protons into the 
imaging plane. In a manner analogous to the flow-related 
enhancement [17-19], previously described on spin-echo im- 
ages, blood flow may provide a continuous influx of unsatu- 
rated protons with full magnetization into the imaged volume. 
The short repetition time permits imaging of these protons 
before they have passed through the imaging plane. Thus 
continuous flow-related enhancement is obtained, providing 
increased signal from flowing blood on cine MR examinations. 
Other possibilities include the effects of repetition time, flip 
angle, T1, and T2 according to the equation [20] 


va (1 — Z) Sin B Mo 
” 4 — 3,22 — Cos £ (2; — Zo) 


where 2, = eth" 
Yo = eE 
8 = flip angle 
Mo = spin density 
T1 = longitudinal relaxation time 
T2„ = measured transverse relaxation time 
T2y = transverse relaxation time due to nuclear inter- 
action 
T2* = transverse relaxation time due to field nonhom- 
ogeneity 


1/T2y = 1/T2y + 1/72" 


Regardless of the cause, this increase in signal accentuates 
the contrast between myocardial wail and intraluminal blood, 
facilitating the caiculation of ventricular volumes. The images 
obtained can be displayed in a dynamic fashion, and a sub- 
jective evaluation of left ventricular function can also be 
obtained. Systolic and diastolic images can be easily ascer- 
tained, and a region of interest can then be placed around 
the left ventricular blood pool for the calculation of true left 
ventricular volumes. 

The mathematical method is a forme fruste of Simpson’s 
rule [21], wherein the left ventricie is divided into a series of 
1-mm slices, where cylindrical volumes are assumed and the 
volume of each slice = h{A x B)/4 (where h = slice thickness, 
A = axis in one view, and B = axis in second view at the 
same level). The total volume is given by summing the volume 
of all segments and correcting for image distortion. 


Vol = 1.047h' (Z A;B; + Z eA B’ ) 


where h’ = segment height corrected for image distortion, 
A'B’ = respective AP and lateral measured axes, i = odd- 
numbered slices, and j = even-numbered slices. 

Simpson’s rule is both tedious and inaccurate in the meas- 
urement of chamber axes because of the lack of sharpness, 
the exclusion of papillary muscle and trabecula, and the 
systematic overestimation of volume that requires the use of 
regression equations for accurate volumetric measurement. 

With the cine MR imaging technique, assumptions about 
cylindrical shape are not needed, and corrections for image 
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distortion are unnecessary. Papillary muscle can be excluded, 
as noted in Figures 2 and 3, and regression equations are not 
required, facilitating left ventricular end-systolic and end-dia- 
stolic volume calculations. Thus, the possibility of obtaining 
both ejection fraction and cardiac output information does 
exist. In addition, the transaxial tomographic nature of the 
images permits separation of the four cardiac chambers; thus, 
the volume of each chamber may be determined independ- 
ently. In this preliminary study, left ventricular function was 
determined, and the results compared favorably with similar 
results from cardiac catheterization. Similar accuracy might 
be expected from the evaluation of right ventricular ejection 
fractions; however, at the present time there is no reliable 
geometric model for calculating right ventricular ejection frac- 
tion from catheterization data nor is routine right ventriculog- 
raphy available to verify this possibility. Either phantom or 
animal studies will be required to verify the accuracy of these 
data (cardiac output and atrial and right ventricular volumes). 

The cine MR imaging technique is not, however, without 
limitations. While commercially obtainable at present, it is not 
readily available at all institutions with MR capability. It is not 
a portable technique, and bedside imaging of critically ill 
patients remains an advantage of echocardiography and 
gated blood-pool imaging. In addition, the monitoring of high- 
risk patients within the bore of an MR imager is difficult. 
Finally, since the advancement of the phase-encoding gra- 
dient is triggered by the patient’s ECG, the effect of cardiac 
arrhythmia on image quality and ejection fraction determina- 
tion has yet to be determined. 


Conclusion 


By using cine MR imaging, the left ventricular chamber can 
be easily evaluated, and left ventricular ejection fractions can 
be determined that correlate in a linear manner with those 
obtained by using left ventricular angiography. More impor- 
tantly, the volumes obtained are independent of geometric 
assumptions and may be more accurate than catheterization 
in those patients with severe myocardial dysfunction. The 
tomographic nature of the examination facilitates potential 
volume calculations for each of the four cardiac chambers 
and thus provides information that cannot be readily obtained 
with any existing technique. Cine MR may become the pro- 
cedure of choice for quantitative cardiac evaluation. 
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State of the Art in Quantitative Coronary Arteriography. Edited by J. H. C. Reiber and P. W. Serruys. Dordrecht, 


the Netherlands: Nijhoff, 274 pp., 1986. $96.50. 


The text is a state-of-the-art review of quantitative functions that 
can be derived from both conventional and digitally processed coro- 
nary arteriograms that are available in the invasive cardiovascular 
laboratory. There are 15 chapters divided into four sections, with 46 
contributing authors. Part one reviews the technical developments 
available for the performance of coronary angiography. Chapter one 
by de Leeuw evaluates the factors needed for obtaining the best 
image quality. With the introduction of percutaneous transluminal 
coronary angioplasty, new demands on spatial resolution exist during 
the critical phases of both the angiographic examination and the 
fluoroscopic monitoring. High-contrast fluoroscopy for observation of 
the 0.014-in. wire during a procedure requires an increase in the X- 
ray dose to approximately 300-400 mR/min at the input of the image 
intensifier with a 0.3-mm focal spot so that both the wire and the tip 
of the balloon are clearly defined. An additional chapter within this 
section includes digital coronary arteriography and a discussion of 
the lesional geometry with assessment of blood-flow parameters with 
digital angiography. Although digital selective coronary arteriography 
provides less spatial resolution than conventional arteriography, it is 
hoped that the greater density resolution and the potential for direct 
stenosis geometry will encourage investigators to search for addi- 
tional quantitative applications within the laboratory. On-line 
automated-edge detection and densitometric measurements from 
parameters of the digitally acquired coronary arteriogram have been 
incorporated into the software. Color-coded and intensity-coded par- 
ametric imaging has also been described. Depiction of these time- 
density relationships during the coronary injection ultimately may 
allow for regional calculation of coronary-flow reserve. Validation 
studies presently indicate that the approach has a reasonable degree 
of accuracy. However, until most of these quantitative functions are 
available on-line during the actual arteriographic procedure and the 
system has the ability to both display and transmit the information 


with relatively rapid access to archival storage, | doubt that there will 
be sustained interest in quantitative coronary artery imaging. 

As indicated in the chapter on digital imaging techniques by Bursch, 
a major problem in coronary artery examinations is the demand on 
spatial resolution. Digital imaging may require a matrix of 1024 x 
1024 to obtain resolution comparable to the conventional cine film. 
Temporal resolution, however, at this rate could be limited in certain 
systems to eight images per second. This is unsatisfactory for most 
dynamic events occurring within the coronary circulation, and con- 
sequently a matrix of 512 x 512 allows an acquisition rate of 30 
images per second and this would appear practical for most diagnos- 
tic problems. Stenosis evaluation, however, in vessels on the order 
of 1 and 2 mm will certainly require a matrix of 1024 x 1024. This is 
further complicated by the necessity of using a large focal spot to 
facilitate an adequate dose while also keeping the quantum noise per 
picture element at a lower level. As a result, most of the illustrations 
in these early chapters with digital angiography for either myocardial 
contrast images or vessel dimensions are so spatially limited as to 
make interpretation of the actual illustration speculative. 

As frequently exists in multiauthored texts, this book can be either 
rapidly surveyed or selective chapters can be carefully analyzed. If 
the book is rapidly surveyed, the redundancy becomes apparent. 
Consolidation of several of the chapters could avoid much of the 
redundancy. The audience for this text might be limited to cardiolo- 
gists with specific in-depth interests in derived quantitative data. 
Certain physicists, also working in digital systems within the invasive 
laboratory, might also be receptive readers. Generally, although the 
information is useful and authoritative, the text is better suited for the 
reference library than for the personal radiology library. 
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Abdominal CT in the Staging 
of Small-Cell Carcinoma of 
the Lung: Incidence of Metastases 
and Effect on Prognosis 





CT studies of the abdomen performed on 72 patients with small-cell carcinoma of the 
lung were retrospectively reviewed to assess the role of abdominal CT in staging. Forty- 
four of the 72 patients had extensive disease, defined as disease extending beyond the 
confines of one hemithorax, plus or minus mediastinal or ipsilateral supraclavicular 
disease or ipsilateral pleural effusion. Initial-staging abdominal CT revealed one or more 
sites of metastatic disease in 26 (59%) of these 44 patients, while 18 patients had 
normal initial CT examinations. Statistical analysis of patients with extensive disease 
revealed a significant increase in complete therapeutic response (p = .0054) and in the 
length of survival (p = .001) among those who had extensive disease without abdominal 
metastases as compared with those who had abdominal metastases on their initial 
abdominal CT examination. The development of new or recurrent abdominal metastases 
in general or in specific organs on follow-up scans obtained in 35 patients did not 
significantly decrease their survival time as compared with that of patients without such 
metastases. 

Our findings suggest that CT of the abdomen is beneficial in the initial staging of 
patients with small-cell carcinoma of the lung and provides prognostic information 
concerning response to therapy and length of survival. 


Small-cell carcinoma of the lung (SCCL) makes up about 20% of all primary 
pulmonary malignancies; it typically originates in the bronchial tree and, in the 
majority of cases, is disseminated widely by the time of clinical presentation 
[1-3]. Well-recognized sites of metastatic involvement include the regional lymph 
nodes, liver, bone, bone marrow, CNS, and adrenal glands [4, 5]. The extent of 
disease at the time of presentation has been shown in virtually all studies to 
influence prognosis and treatment planning [6-8]. 

CT has been shown in previous studies to be valuable in the accurate delineation 
of the extent of intrathoracic and metastatic disease [9-17]. Specifically, the 
development of abdominal metastatic deposits and the value of CT in demonstrating 
these lesions have been emphasized [10-13, 15]. 

During the past 4 years, 72 patients with SCCL, staged and treated on uniform 
protocols [18], were evaluated at the University of Maryland Hospital and University 
of Maryland Cancer Center. Initial staging or serial CT studies of the abdomen 
were reviewed retrospectively to assess the incidence of abdominal metastases in 
patients with SCCL and their influence, if any, on response to therapy and long- 
term outcome of treatment. 


Subjects and Methods 


CT scanning was performed on 72 patients with biopsy-proven small-cell carcinoma of the 
lung (SCCL) who were followed from February 1981 to August 1986. CT scans of the thorax 
and abdomen had been obtained for initial staging and/or serial assessment of therapeutic 
response. There were 48 men and 24 women ranging in age from 38 to 76 years (mean 
57.9). Initial staging procedures also included routine history and physical examination, chest 
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radiograph, radionuclide liver-spleen and bone scans, bilateral bone 
marrow aspirates and biopsies, liver function profile (serum glutamic- 
oxalacetic acid and glutamic-pyruvate transaminases, lactate dehy- 
drogenase, alkaline phosphatase, total and direct bilirubin level), 
serum electrolytes, and urinalysis. Biomarkers for adenocorticotropin 
and antidiuretic hormone were also obtained as indicated clinically. 
Staging was determined according to standard accepted criteria [19] 
whereby limited disease is defined as disease confined to one hemi- 
thorax, plus or minus mediastinal or ipsilateral supraclavicular disease 
or ipsilateral pleural effusions. Extensive disease was any disease 
beyond the confines of the above. According to these criteria, 44 
patients had extensive disease and 28 had limited disease at the time 
of presentation. 

A complete therapeutic response was defined as the total disap- 
pearance of all signs and symptoms of disease and normalization of 
the chest radiograph and all laboratory tests and biomarkers for at 
least 30 days. A partial response was defined as a 50% or more 
decrease in the product of the cross-perpendicular dimensions (area) 
of all measurable lesions, no evidence of new metastasis, and no 
evidence of disease progression for at least 30 days. Survival duration 
was Calculated in days from the day of diagnosis to the date of death. 
A Wilcoxon analysis of Kaplan-Meier curves was used to measure 
the significance of differences in survival time among the various 
subsets of patients [20]. Where p values are given, they refer to the 
two-tailed significance test. Comparison of means was made by the 
Student’s t-test, and comparison of ratios was made by the Chi- 
squared test [21]. 

A total of 163 abdominal CT scans was performed in the 72 
patients; thirty-seven patients had only one scan while others had 
several, with one patient having as many as eight. Two or more serial 
CT studies were available for 35 of the patients. Scans were per- 
formed with either a Pfizer 0450 (Pfizer Medical, Columbia, MD) or a 
CGR 10,000 (Thompson CGR, Columbia, MD). Scans of the abdomen 
were performed by using contiguous 1-cm sections from the lung 
base to below the kidneys. Studies were performed by using oral 
(150 ml of 1% diatrizoate sodium in three divided doses) and IV (50 
ml of 76% diatrizoate meglumine) contrast material. Scans were 
continued through the pelvis at 2-cm intervals if there were clinical 
symptoms or findings on the abdominal examination. Abdominal 
scans were reviewed with window settings for soft tissues (window 
350, mean 30) and liver (window 150, mean 50). 

Metastatic lesions identified in the abdomen by CT were confirmed 
by response to therapy on follow-up scans in 13 patients, percuta- 
neous biopsy in four, surgery in two, and autopsy in one. 


Results 


Abdominal metastases were shown on the initial CT scan 
in 26 (59%) of 44 patients with extensive SCCL, while 18 had 
no metastases on the initial CT examination. Fifty-four sites 
of metastatic disease were identified in these 26 patients. The 
majority of metastatic foci were in the liver or adrenal glands 
(65%). Less frequent sites of metastatic disease included the 
pancreas and peripancreatic lymph nodes (6%), the retroper- 
itoneal space including lymph nodes (6%), the spleen (4%), 
the pelvis (4%), the spine and paraspinal area (4%), and 
miscellaneous sites (12%). 

Kaplan-Meier survival curves were constructed for the pop- 
ulation of patients with extensive disease with and without 
abdominal metastases (Fig. 1). Application of the Wilcoxon 
comparison revealed a significant difference in overall survival 
time between these two groups (p = .001). Comparison of 
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Fig. 1.—Influence of abdominal metastases (detected by initial CT scan) 
on survival of patients with extensive small-cell carcinoma of the lung. 
Kaplan-Meier survival curves show the percentage of patients surviving, 
P(Survival), from the time of diagnosis (1 = 100%). All patients had 
extensive-stage small-cell carcinoma of the lung (defined as disease 
extending beyond the confines of a hemithorax, with or without mediastinal 
and ipsilateral supraclavicular disease or ipsilateral pleural effusion) at the 
time of original diagnosis. Curves show a longer survival time when no 
abdominal metastases are detected by initial-staging CT than when ab- 
dominal metastases are detected. 


response by the Chi-squared test showed a significant in- 
crease in complete response among patients without abdom- 
inal metastases on initial abdominal CT, 14 of 18 patients, 
compared with those with abdominal metastases, 10 of 26, 
(p = .0054) within the confines of the statistical power of the 
number of patients in this analysis. A Chi-squared analysis 
(2-tailed) was performed to assess the influence of the devel- 
opment of recurrent or new foci of metastatic disease identi- 
fied on serial CT studies performed in 35 patients after 
initiation of therapy. New foci of abdominal metastases ap- 
peared in three of 28 patients with initial limited-stage disease 
and in seven of 18 with initial extensive-stage disease but no 
abdominal metastases. No statistically significant effect on 
survival time could be demonstrated when new or recurrent 
foci of metastatic disease were found in the liver (p = .82), 
adrenal gland(s) (p = .10), or at any site within the abdominal 
cavity (p = .16) on follow-up CT studies. 


Discussion 


Previous studies have demonstrated the importance of 
accurate staging of SCCL in order to (1) compare therapeutic 
techniques, (2) identify sites of disease unresponsive to treat- 
ment that may require additional local therapy such as surgery 
or irradiation, (3) optimize therapy, and (4) estimate prognosis 
[4, 6, 7, 9]. Currently, the classification of disease into two 
categories—limited-stage and extensive-stage—is widely 
employed [4]. In nearly all studies, patients classified as 
having limited disease had longer median survival times than 
did those with extensive disease [4, 6, 9, 22, 23]. Long-term 
survival occurs almost exclusively among those with limited 
disease, although an occasional patient (1-5% in some series) 
with extensive disease may experience long-term survival [4, 
6, 7]. 
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Recently, attempts have been made to improve upon this 
classification system by analyzing the effect of specific dis- 
ease sites on prognosis [6-8]. A study performed by Ihde et 
al. [6] suggested that the survival time of patients with limited 
disease was comparable to that of patients with extensive 
disease and certain single sites of metastasis. In general, 
certain single sites of metastatic disease, such as the liver 
and CNS, as well as multiple metastatic foci significantly 
worsened the prognosis, while other sites, such as the bone 
marrow or soft tissue, had a less adverse effect on prognosis 
when compared with the population with limited-stage dis- 
ease. Similarly, Mulshine et al. [8] showed that extensive- 
stage patients with liver involvement have a significantly lower 
survival rate than limited-stage or extensive-stage patients 
without liver metastasis, thus emphasizing the importance of 
accurate assessment of the liver in initial staging. 

Several studies have documented the value of CT in staging 
SCCL [7-16, 22]. Whitley et al. [9] and Harper et al. [11] 
demonstrated the improved accuracy of CT over conventional 
methods in assessing initial disease in the thorax and for 
following response to therapy [9, 11]. Other studies have 
documented the value of CT in the detection of silent CNS 
metastases [14, 16, 22] and in the detection of abdominal 
sites of disease [8, 10, 12, 13, 15]. 

Our results suggest that patients have a significantly worse 
prognosis when abdominal metastases are detected by CT 
in the initial staging evaluation of SCCL; the prognosis is 
worse in these patients than in those with extensive disease 
but with no abdominal metastasis detected by CT. The fre- 
quency and distribution of abdominal metastasis in our series 
corresponds closely with previously reported results. In our 
study, of the 72 patients studied with abdominal CT, 26 had 
metastatic disease (36%) identified within the abdomen or 
pelvis. Vas et al. [10] detected abdominal metastasis in 37% 
of 65 patients studied by CT [10] and Dunnick et al. [12] 
detected metastatic lesions in the abdomen in 36% of 45 
patients. In our series the most common site of metastatic 
disease within the abdomen was the liver (26% of patients), 
followed by the adrenal gland (24% of patients). The fre- 
quency of liver metastases in previous series ranges from 27 
to 30% [4, 6, 11, 12]. Thus, the frequency and distribution of 
metastases within the abdomen in our population is repre- 
sentative of those encountered in previous studies. 

Serial CT scans were obtained in 35 patients to evaluate 
their response to therapy or progression of disease within the 
confines of the limited statistical powers defined by the small 
group of patients. The subsequent appearance of new foci or 
recurrent foci of metastatic disease within the abdomen or in 
any specific organ on follow-up CT could not be shown to 
significantly influence median survival when compared with 
patients without these developments, suggesting that the 
initial staging evaluation of the abdomen at the time of diag- 
nosis serves as a better prognostic indicator than the sub- 
sequent development of new or progressive disease while 
under treatment. 

In summary, our results verify that the prognosis is worse 
in patients in whom metastatic disease is found by CT at 
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abdominal sites than in those who have extensive disease 
without abdominal metastasis. This finding suggests that site- 
without abdominal metastasis. This finding suggests that site- 
specific staging within the classification of extensive disease 
may be of greater prognostic value than the simple two-stage 
classification system that is currently in use. 
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Angiocardiography. Current Status and Future Developments. Edited by H. Just and P. H. Heintzen. Berlin: 
Springer-Verlag, 403 pp., 1986. $103 


This 38-chapter book is the outgrowth of a symposium held by the 
European Society of Cardiology. The purpose of the symposium, as 
outlined in the preface, was to describe the current status of equip- 
ment, angiocardiographic systems, image intensifiers, photographic 
material, and processing techniques. In addition, an attempt was 
made to describe evaluation techniques when using manual or com- 
puter-assisted procedures to estimate ventricular volume, ventricular 
mass, cardiac function, and anatomy and flow dynamics of the 
coronary artery system. | believe that the goal of the symposium was 
fulfilled. 

The 38 authors, mostly from Europe, are recognized authorities in 
this area, and the English is excellent. The book is printed on nonglare 


paper, which makes for comfortable reading. The bibliography is 
extensive and up-to-date. 

Those who work in the field of angiocardiography will find a great 
deal of current information, particularly in those areas that are at 
present under intensive investigation. Because of the thrust of the 
text and the patterns of practice in the United States, the book will 
not be of interest to most American radiologists. 
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Transthoracic Needle 
Aspiration: Use of a Small Chest 
Tube to Treat Pneumothorax 





The primary complication of transthoracic needle aspiration is pneumothorax. The 
efficacy and safety of using a small chest tube to treat this complication were examined 
by reviewing the records of 876 patients who underwent transthoracic needle aspirations 
between January 1981 and February 1986. Among these patients, 212 (24%) sustained 
a pneumothorax, and 92 (11%) required placement of a small 9-French chest tube 
attached to a flutter-type (Heimlich) valve. Duration of chest-tube drainage ranged 
between 24 hr and 3 weeks (mean, 2.2 days). Complete resolution of the pneumothorax 
and subsequent removal of the chest tube after 24 hr of drainage occurred in 38 (41%) 
of the 92 patients. Twenty-nine (32%) required 48 hr of drainage, and nine (10%) 
required 3 days. The remaining 16 (17%) required longer periods of drainage ranging 
from 4 days to 3 weeks. The tubes of six of this last group of patients were attached to 
a suction apparatus, and three of these patients eventually had a 28-French chest tube 
placed surgically. No significant complications occurred. 

The use of a small chest tube for treatment of pneumothorax after transthoracic 
needle aspiration is easy, safe, and efficacious. 


Transthoracic needle aspiration is a common procedure for the diagnosis of a 
variety of primary and secondary lung malignancies, benign neoplasms, and inflam- 
matory lesions. It is easy to perform, requires readily available radiographic equip- 
ment, and has a relatively high diagnostic accuracy of 80-90% [1, 2]. The primary 
complication is pneumothorax, which occurs in 5% to 57% of cases [3-5]. Thus, 
the ability to treat pneumothorax is as important as the ability to perform transtho- 
racic needle aspiration itself. We report our experience over the past 5 years in 
using small chest tubes to treat pneumothoraces that occur as a complication of 
this procedure. 


Materials and Methods 


Reports of all 876 patients who underwent transthoracic needle aspiration at our institution 
between January 1981 and February 1986 [3] were reviewed retrospectively, and those 
patients who required placement of a chest tube were included in the study. Charts of the 
latter group were reviewed specifically for findings related to the chest tube. Any evidence of 
lung collapse was interpreted as a pneumothorax. A “significant” pneumothorax was one 
that the attending radiology staff thought required intervention by either simple aspiration or 
placement of a chest tube. It usually consisted of both apical and lateral collapse. Patients in 
this group were not necessarily symptomatic. 

A multi-side-hole 9-French Teflon catheter (Cook, Bloomington, IN), which attaches to a 
Heimlich valve (Bard-Parker, Rutherford, NJ), as described by Sargent and Turner [6], has 
been used exclusively for chest-tube drainage. Under fluoroscopy, an entry site that is high 
enough to be above the diaphragm and low enough to allow secure placement of a sufficient 
length of catheter is selected along the anterior axillary line. This generally corresponds to 
the fifth or sixth intercostal space. Liberal amounts of local anesthetic are injected at the 
entry site, and an incision is made with a #11 blade. An 18-gauge needle with a trocar-point 
stylet is passed through the most proximal side hole and out the distal end hole of the 
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‘ catheter. The system is designed so that only the point of the stylet 
projects slightly beyond the tip of the catheter. The needle/catheter 
combination is then directed over the top of the rib above the entry 
site and into the thoracic cavity where the parietal pleura is punctured 
with the point of the stylet. The stylet then is pulled back slightly into 
the needle so that the leading edge is the catheter itself. The catheter/ 
needie combination is advanced superiorly and ventrally toward the 
apex. Five to 10 cm from the apex, the catheter is advanced off the 
needie. The needle is withdrawn, and the end of the catheter is 
attached to a two-way stopcock on the end of a connecting tube to 
which a flutter valve, as described by Heimlich [7], has been attached. 
The stopcock is opened to the valve, and the patient is instructed to 
cough, thereby clearing the pneumothorax. 

With a properly placed tube, valve mobility will vary with respiration, 
and the connecting tubing will show condensation from expelled 
intrapieural air. The tube is sutured to the skin, petrolatum gauze is 
placed at the skin site, and a dressing is applied. A posteroanterior 
upright expiratory chest film is obtained next to confirm the position 
of the chest tube and resolution of the pneumothorax. In general, 
another chest film is obtained the next morning. If the lung is totally 
expanded, the stopcock to the valve is closed, and another chest 
film is taken 4 hours later. If the lung is still fully expanded, the chest 
tube is removed during an expiratory breath, petrolatum gauze is 
immediately placed over the insertion site, and a dressing is applied. 
Unless the patient becomes symptomatic, a follow-up chest radio- 
graph is not obtained. 

In case of nonexpansion, the valve may be removed, and the 
extension tubing may be attached to a water-seal apparatus with 
suction. Follow-up is then begun 24 hr later. All management of the 
chest tube is by the interventional radiologist. 


Results 


Of the 876 patients who underwent transthoracic needle 
aspiration, 212 (24%) sustained a pneumothorax, and 92 
(11%) required placement of a chest tube. Duration of tube 
drainage ranged between 24 hr and 3 weeks (mean, 2.2 
. days). Compiete resolution of the pneumothorax and subse- 
quent removal of the chest tube after 24 hr of drainage 
occurred in 38 (41%) of the 92 patients. Twenty-nine (32%) 
required 48 hr of drainage, and nine (10%) required 3 days. 
The remaining 16 patients (17%) required longer periods 
ranging from 4 days to 3 weeks. The tubes of six of this last 
group of patients were attached to a suction apparatus, and 
three of these patients later had a 28-French chest tube 
placed surgically because of an air leak that continued even 
after suction. 

Repeat biopsies were done on three patients after place- 
ment of a chest tube. No significant complications related to 
the tube were encountered. Small serosanguineous pleural 
effusions occurred in three patients. Persistent pain at the 
insertion site, significant enough to be mentioned in the 
patient’s chart, occurred in three patients. 


Discussion 


Pneumothorax is the most frequent complication of trans- 
thoracic needle aspiration. At our institution, the prevalence 
is nearly 25%, and approximately one-half of these patients 
require a chest tube [3]. Placement of a chest tube can be 
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done more efficiently by the interventional radiologist than by 
others. Furthermore, small (9-French) chest tubes have fewer 
associated complications than large (28-French) surgical 
chest tubes. 

Complications that result from a surgically placed chest 
tube are related to the size of the tube and the method of 
insertion. Hemothorax may be secondary to torn intercostal, 
internal mammary, or, less commonly, hilar vessels or the 
aorta. Empyema is an unusual complication if proper tech- 
nique is used; however, it may occur secondary to leakage 
of air and bacteria from lacerated lungs in patients with 
pneumonia. Use of a large trocar chest-tube system can 
cause a tear of the lung parenchyma and can result in 
bronchopleural fistulas, pneumothorax, and/or hemothorax. 
Injury also can occur to the heart or great vessels, with 
resultant pericardial tamponade or death from exsanguina- 
tion. If too low an entry site is made, or an elevated hemidia-~ 
phragm is not recognized, injury to subdiaphragmatic struc- 
tures can occur [8]. An extremely rare complication is the 
development of a systemic-pulmonary arteriovenous fistula at 
the site of insertion [9, 10]. Another rare occurrence is focal 
pulmonary infarction due to entrapment of lung tissue in one 
of the side holes or the end hole of the tube [11]. 

In our experience, no serious complications were encoun- 
tered. Similarly, no complications were reported in either of 
two large studies [12, 13], although larger caliber tubes were 
used (12 and 16 French). These two studies also showed the 
efficacy of using a small chest tube and a Heimlich valve in 
patients with spontaneous or traumatic pneumothorax. Of a 
series of 226 consecutive patients with spontaneous pneu- 
mothorax reported by Mercier et al. [12], 169 were treated 
with a chest tube and Heimlich valve. One hundred twenty- 
one of these healed completely without further therapy. Con- 
servative treatment was successful in 45. The remainder were 
treated either by surgical placement of a chest tube or by 
thoracotomy. Cannon et al. [13] found that 72% of 35 patients 
with a total of 41 pneumothoraces (both spontaneous and 
after biopsy) required no further treatment after chest tube 
placement. The remaining 28% underwent surgery because 
of recurrent pneumothoraces or continued air leak. 

Small chest tubes that can be placed percutaneously and 
used on an outpatient basis offer a further advantage over 
surgically placed tubes. In the previous two studies [12, 13], 
outpatient management in most cases led to significantly 
decreased hospital costs. As most (73%) pneumothoraces 
caused by transthoracic needle aspiration resolved after 24 
to 48 hr in our patients, treatment on an outpatient basis 
often was not necessary. In our one patient who required 
prolonged treatment as an outpatient (3 weeks), no compli- 
cations occurred. 

The ability to do another biopsy after a pneumothorax has 
been treated adds to the diagnostic efficacy of the procedure. 
This was done in three cases in which a significant pneumo- 
thorax occurred after the results of the first aspiration were 
reported as negative. In two of the three cases, the results of 
the second aspiration were positive. 

The ability to treat a complication of a diagnostic procedure 
not only results in better patient care but also promotes 
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Clinician acceptability of a useful procedure. With increasing 
economic awareness, the potential to perform transthoracic 
needle aspiration and treat its complications on an outpatient 
basis could eliminate the need for hospitalization. 
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Book 





Basic Imaging in Congenital Heart Disease, 3rd ed. By Leonard E. Swischuk and David W. Sapire. Baltimore: 


Williams & Wilkins, 312 pp., 1986. $58.95 


This text is a revision of Dr. Swischuk’s Plain Film Interpretation in 
Congenital Heart Disease, 2nd ed., published in 1979. A chapter on 
echocardiography by Dr. Sapire (a pediatric cardiologist) has been 
added. The book is organized into six chapters. Three introductory 
chapters account for one-fourth of the book and cover cardiac 
embryology, anatomy, and physiology; plain-film interpretation; and 
the echocardiographic examination. More than half of the book (173 
pages) is devoted to a discussion of specific congenital heart lesions 
based on pulmonary vascular patterns. An additional chapter is 
devoted to cardiac malpositions, miscellaneous cardiac conditions, 
and vascular anomalies. Finally, there is a section of 10 illustrative 
cases. Although the organization pattern is logical, the long chapter 
on specific clinical entities might have been improved by dividing it 
into four smaller ones dealing with the basic physiologic categories 
reflected in pulmonary vascular patterns. 

Each major physiologic category is introduced by a summary table 
listing the specific lesions to be covered in that section. In addition, 
simple diagrams presenting hemodynamic patterns are included with 
the more common lesions. Inclusion of a table of the incidences of 
various congenital lesions would have helped to put some of the 
lesions into a more practical perspective. Instead, the author uses 
terms such as “relatively common” or “extremely rare.” References 
throughout the book are numerous but somewhat dated (from the 
50s through the 70s) as they relate to clinical information, plain-film 
findings, and angiographic features. In contrast, the echocardi- 
ographic references are up-to-date. The terminology, at times, is 
somewhat confusing. For example, at least six different terms are 
used to describe endocardial cushion defects. The discussion and 
Classification of truncus arteriosus, pseudotruncus, and related enti- 
ties appear confusing, and such sentences as “.... anatomically 
pseudotruncus arteriosus Type | (old truncus arteriosus Type IV) 
.... seem to hinder understanding, especially for the novice. There 
is a surprising lack of definition for terms relating to situs. Functional 
and anatomic terms are mingled. A complex diagram attempting to 
explain this difficult area merely adds to the confusion. Sentences 


such as “.... the heart is half-way between normal levo position and 
abnormal dextro position and can be considered incompletely dex- 
troverted” could only be understood by the most sophisticated stu- 
dent of cardiovascular disease. 

The author's style varies from simple to complex and becomes 
more complex in discussions of the more difficult topics. The echo- 
cardiographic portions of the text, in contrast, are effectively and 
succinctly presented. 

Plain chest radiographs are abundant throughout the text; many 
are small and the quality varies. The number is often excessive, e.g., 
five radiographs of the chest are used in the discussion of hypoplastic 
left heart syndrome when one or two would have sufficed. In the 
discussion of atrial septal defect, eight chest radiographs are used 
while only two angiograms are offered. There is no discussion about 
the currently used angulated projections and few are shown in the 
illustrations. The sections on echocardiography are characterized by 
a few excellent figures that effectively present the imaging data. The 
information presented in the sometimes verbose figure legends (sev- 
eral are more than 15 lines of small print) might have been better 
presented in the text. A few good quality MR images are presented 
and show the potential usefulness of this technique. 

A variety of imaging textbooks on congenital heart disease have 
appeared in the past few years. This book's strongest points are the 
good-quality echocardiograms, the text material, and the references. 
Unfortunately, for the average radiologist or radiology resident, the 
book suffers from confusing and complex discussions of difficult 
issues, an excess of poor-quality chest radiographs, and too few 
angiograms. Therefore, it cannot be recommended to radiologists 
who are not subspecialists in the field. More sophisticated cardiovas- 
cular imagers may benefit from the echocardiographic and MR im- 
aging information provided. 


Michael J. Kelley 
Anaheim Memorial Hospital 
Anaheim, CA 92003 
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Case Report 





Occult Pneumonia Associated with Dehydration: Myth or 


Reality 


Ferris M. Hall’ and Morris Simon 


The concept that a febrile, dehydrated patient with a normal 
chest radiograph nevertheless may have pneumonia is wide- 
spread among Clinicians. A presumed diminution in exudative 
response to the infection is thought to account for the lack of 
radiologic and, frequently, auscultatory findings. In our expe- 
rience, the possibility of dehydration-related occult pneumonia 
has been used to justify obtaining a modest number of chest 
radiographs at repeated short intervals, particularly in hospi- 
talized geriatric patients. However, examples of this entity are 
largely anecdotal, and no case reports could be found in the 
literature. Indeed, in the clinical setting, proof of its existence 
probably is not possible. We present a case in which dehy- 
dration appeared to delay the radiographic findings of pneu- 
monia. 


Case Report 


An 84-year-old woman was admitted to the hospital because of 
general malaise and fever of 2-day duration. She was alert with no 
dyspnea or cough. Her medical history included hypertension and 
chronic renal failure. She was considerably dehydrated, but the 
findings on physical examination, including auscultation of the chest, 
were otherwise normal. Her temperature in the emergency room was 
103.8°F (39.8°C) rectally. The WBC count was 16,200/ul, with 85% 
polymorphonuclear cells and 15% band forms. 

The patient was admitted with the presumptive diagnosis of infec- 
tion. The chest radiograph obtained at admission (Fig. 1A) was 
reported as normal, with no consolidation identified. Despite the lack 
of clinical or radiologic evidence of pneumonia, her physicians consid- 
ered this diagnosis because of the findings of dehydration. Therefore, 
after judicious treatment with IV fluids only (1400 ml normal saline in 
24 hr) and encouragement to drink fluids, a second chest radiograph 
was obtained 30 hr after the first examination (Fig. 1B). This showed 
an extensive right upper lobe consolidation involving all segments. 
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Blood cultures drawn at the time of hospital admission, with results 
not available until after the second radiographic examination, grew 
Streptococcus pneumoniae (Pneumococcus). The patient was treated 
with antibiotics, and follow-up chest radiographs showed gradual 
clearing, with complete resolution after 8 days. 


Discussion 


Bacterial pneumonia is presumed to start as a small focus 
of infection in the lung parenchyma that spreads by direct 
extension through the alveolar spaces and pores of Kohn. 
Connective tissue and pleura act as relative barriers to this 
spread. Dehydration decreases blood volume and vascular 
hydrostatic pressures and thereby might diminish the normal 
exudative responses of vasodilation and increased leakage 
of plasma across capillary walls. However, laboratory studies 
and clinical experience have shown that the rate of extension 
of pneumonia is quite variable, and the presumptions that 
dehydration either prolongs the lag period or diminishes the 
magnitude of the exudative response are difficult to prove 
Clinically. 

We have had a long-term interest in the concept of occult 
dehydration pneumonia, and the findings of the case pre- 
sented were as suggestive of this entity as any we have seen. 
The patient was alert, and aspiration was not a clinical con- 
sideration, as it frequently is in persons who are dehydrated. 
The positive blood cultures were obtained on admission, 
before the normal chest radiograph, and the organism re- 
covered is the most common cause of bacterial pneumonia. 
The dehydration required administration of IV fluids, but the 
patient was not overhydrated clinically, and focal pulmonary 
edema was not a differential consideration on the second 
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Fig. 1.—A, Pneumonia in a dehydrated patient. Radiograph taken at time of admission was interpreted as normal. Retrospectively, it shows an equivocal 
apical subsegmental paramediastinal opacity in right upper lobe. 
B, Radiograph obtained 30 hr later shows lobar consolidation in right upper lobe. Right mediastinal profile is slightly more prominent than in A, a finding 
consistent with patient’s improved state of hydration. 


chest radiograph. Finally, with fluid replacement only, devel- 
opment of a lobar consolidation was rapid. If the request for 
repeat films had been reviewed by a staff radiologist, it is 
most likely that such a short interval between radiographs 
would have been discouraged. 

Retrospectively, the findings on the first radiograph (Fig. 
1A) might be interpreted as a subtle apical subsegmental 
consolidation of the right upper lobe. However, this does not 
alter the rapid radiologic progression to a lobar pneumonia. 
Rapid spread of nonaspiration pneumonia is rare, but it can 
happen. If the patient in this report had not been dehydrated, 
the rapid appearance of the consolidation still would be sur- 
prising. Therein lies the dilemma of documenting occult de- 
hydration pneumonia, and, in the final analysis, it must remain 
an anecdotal impression. 

Chest radiographs may also appear normal in other in- 
stances of documented pulmonary infection. Pneumocystis 
carinii pneumonia occurs in patients with AIDS who have 
normal chest radiographs but positive findings on gallium 
scans [1]. At this early stage of infection, organisms and 
associated inflammatory changes are present without air- 
space consolidation. However, dehydration is rarely an etio- 
logic factor in these patients, who are usually young and 
otherwise healthy. 

In an informal inquiry of five chest clinicians, three believed 
that radiologically and clinically occult pneumonia related to 
dehydration was a real entity, albeit unusual. In a telephone 
survey of 10 academic chest radiologists, five believed the 
entity exists; two of these thought it was considerably more 
common than generally recognized. The remaining five ex- 
pressed various degrees of skepticism. 

We could find no reports of cases similar to our own and 


no clinical data to support the existence of occult pneumonia 
related to dehydration. However, a single experimental animal 
study by Caldwell et al. [2] addressed this question directly 
and found no evidence to support the concept. Bacteria were 
introduced intrabronchially into four normally hydrated and 
four dehydrated dogs. Subsequently, chest radiographs were 
obtained, and the dogs were sacrificed at various intervals 
between 2 and 24 hr. In this canine model, dehydration had 
no effect on the chronologic, radiologic, or histologic features 
of pneumonia. These authors also noted that in each of 20 
patients hospitalized with the diagnosis of both dehydration 
and pneumonia, radiologic evidence of consolidation was 
always present on the initial radiograph. 

Our case report lends some support to the idea that de- 
hydration may suppress the radiologic and auscultatory find- 
ings of pneumonia. Obviously, this does not prove the exist- 
ence of occult pneumonia associated with dehydration. An 
alternative explanation, the rapid extension of a small focus 
of infection by contiguity, is equally valid. Indeed, despite the 
acceptance of this entity by many chest clinicians and radiol- 
ogists, there is no clinical scenario that can prove its exist- 
ence, and animal work specifically suggests that it does not 
occur. 
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Breast Calcifications in 
Renal Hyperparathyroidism 





A prospective mammographic study was performed on 151 women to determine the 
prevalence of breast calcifications in patients with chronic renal failure. Frequency, size, 
structure, and location of calcific lesions were assessed in 15 patients with compensated 
renal insufficiency, 22 on hemodialysis, 14 who had had renal transplants, and 100 who 
had normal kidney function. Serum levels of calcium, phosphorus, alkaline phosphatase, 
and parathyroid hormone were determined for all 151 women. The calcific lesions 
occurred preponderantly in dialysis patients (arteries, 55%; parenchyma, 68%; and 
ducts, 36%). Next in order were those with renal transplants (43%, 64%, and 29%, 
respectively) and those with renal insufficiency (33%, 53%, and 20%, respectively). 

Patients with renal disease had significantly more calcifications (p < .001) than the 
patients with normal kidney function: arteries, 45% vs 8%; parenchyma, 61% vs 27%; 
and ducts, 29% vs 9%. Frequencies of calcifications correlated with serum levels of 
parathyroid hormone. None of the calcifications induced by renal disease simulated 
those seen in carcinoma of the breast. 


Patients with chronic renal disease have disturbed calcium metabolism that often 
leads to secondary hyperparathyroidism with metastatic calcifications. Although 
previous studies described widespread calcium deposition [1, 2], the frequency 
and location of breast calcifications in patients with renal disease was not investi- 
gated. 

This prospective study was an attempt to categorize the major types of uremia- 
related breast calcifications and correlate their frequency with the results of serum 
chemistries. We also evaluated whether the calcifications seen in patients with 
renal disease could simulate malignant calcifications. 


Subjects and Methods 


The 151 consecutive women, 37-74 years old, were categorized into four groups. Group 
A had 15 patients with compensated renal insufficiency of 2-16 years duration and serum 
creatinine levels between 4 and 7 mg/dl. Group B had 22 patients with end-stage renal 
disease who had undergone maintenance hemodialysis for periods ranging from 7 to 79 
months (mean, 48.2 months). Their dialysis schedule was 4 hours of treatment twice weekly. 
Creatinine levels were between 6 and 12 mg/dl. Group C had 14 recipients of renal transplants 
with a mean postoperative transplant function of 31.8 months. Creatinine levels were between 
1.6 and 2.2 mg/dl. The mean age for groups A, B, and C was 47.9 years. Group D had 100 
patients with normal kidney function (mean age, 48.6 years) who were referred for mammog- 
raphy as part of a routine medical examination. No patient was diabetic. 

Mammography consisted of a three-view examination performed by using low-dose film- 
screen combinations (Eastman Kodak Co., Rochester, NY) and a Mammomat X-ray unit 
(Siemens Medical Systems Inc., Erlangen, West Germany). Number, amount, size, shape, 
density, and anatomic location of intramammary calcifications were analyzed prospectively 
by two observers who had no knowledge of the history or clinical findings. Serum levels of 
calcium, phosphorus, alkaline phosphatase, and parathyroid hormone were determined. In 
addition, all patients had chest radiographs on the day of mammography. 
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Results 


The results are summarized in Tables 1 and 2. There was 
no difference in age between the groups. With exception of 
two large calcified fibroadenomas, no patient had palpable 
breast abnormalities. 

Calcifications could be classified as arterial, parenchymal, 
or ductal (Fig. 1). Arterial calcifications usually were extensive 
and were seen within the tapering structures of the arterial 
supply of the breast. Parenchymal calcifications were small, 
round or oval, scattered, and not associated with a mass. 
Ductal calcifications usually were found behind the areola and 
also could be seen in other areas of the breast in the typical 
orientation toward the nipple. The parenchymal and ductal 
calcifications measured 0.2-6 mm and were of uniform den- 
sity, more amorphous than laminated. Isolated clusters of 
microcalcifications or signs of dilated single ducts were not 
found. 

Most calcifications occurred in dialysis patients. Next in 
order were patients with renal transplants and patients in 
renal failure (Table 1). In all but one patient the calcifications 
occurred in both breasts. In patients with renal disease, breast 
calcifications were significantly more frequent (p < .001) when 
compared with the findings for patients with normal kidney 
function: arteries, 45% vs 8%; parenchyma, 61% vs 27%; 
and ducts, 29% vs 9%. Frequencies of calcifications corre- 
lated with serum levels of parathyroid hormone (Table 2). 


Discussion 


Our study shows that breast calcifications occur in up to 
68% of patients with renal disease, specifically patients 
undergoing long-term hemodialysis. This frequency is com- 


TABLE 1: Prevalence of Breast Calcifications in Patients with 
Chronic Renal Failure or Normal Kidney Function 
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parable to that of calcifications in the lung [2]. Parenchymal 
deposits were benign and were not associated with a mass. 
Ductal calcifications, even small ones (<0.5 mm), had regular, 
linear patterns and were never oriented in a cluster formation 
[3, 4]. Therefore, breast calcifications of renal disease do not 
look like and should not be mistaken for malignant calcifica- 
tions of breast cancer. 

The calcifications are considered to be the consequence of 
secondary hyperparathyroidism [1, 5], but the etiology is 
probably multifactorial, depending on the duration of renal 
failure, dialysate calcium concentration, pH of the tissues, 
local increase of calcium ions, magnesium or fluoride expo- 
sure, metabolic acidosis and hyperoxalemia, hyperlipidemia, 
adjuvant corticoid medication, and a “triphasic mechanism” 
of calcium bound in disrupted tissue [6-8]. 

Our data indicate a dynamic deposition of calcium that 
depends on serum calcium-phosphorus levels [9, 10], with a 





Number Percent of Calcifications in: 
Renal Status of Li RRS AISNE Car Set 
Cases Arteries Parenchyma Ducts 
Renal insufficiency 15 33 53 20 
Hemodialysis 22 55 68 36 
Renal transplantation 14 43 64 29 Fig. 1.—Craniocaudal mammogram of 43-year-old woman on long-term 
Normal kidney function 100 8 27 9 hemodialysis shows parenchymal (P), ductal (D), and arterial (A) calcifi- 
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TABLE 2: Results of Serum Chemistries of Patients with Chronic Renal Failure or Normal Kidney Function 


Ca Phos Alk Phos Ca x P PTH 
Renal Status $ x es (mmol/!) (mmol/!) (U/I) (mmol/!) (ng/ml) 
Renal insufficiency 15 2.20+0.26 1.23+0.22 201+87 2.71+0.28 1.27+0.33 
Hemodialysis? 22 1.92+0.54 2.53+0.47 275+99 4.86+0.48° 2.45+0.48° 
Renal transplantation 14 2.51+0.31 1.12+0.18 156+52 2.81+0.22 1.68+0.54 
Normal kidney function 100 2 52+0.41 1.21+0.25 120+48 2.11+0.80 0.46+0.22 
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Note.—Values are given as means + standard deviation. Ca = calcium, Phos = phosphorus, Alk Phos = alkaline phosphatase, Ca x P = calcium phosphorus 
product, PTH = parathyroid hormone. 

ap < .05, r= .56. 
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progression from compensated to decompensated renal-fail- 
ure patients and a regressing trend with renal transplantation. 
The mean values of 4.86 + 0.48 mmol/l for calcium-phospho- 
rus products in our dialysis patients were above the level 
considered critical for metastatic soft-tissue calcification 
[11]. Levels of parathyroid hormone of 2.45 + 0.48 ng/ml 
confirmed the presence of secondary hyperparathyroidism 
(Table 2). 

None of the breast calcifications were evident on the chest 
radiographs in contrast to the report by Sang and Witten 
[12]. Breast pain or ulceration due to vascular ischemia, as 
described by McDougal and Lukert [13], were not found. 
These reported cases likely represent extremes of the disease 
spectrum. 
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Radiology of the Acute Abdomen. By Jovitas Skucas and Robert Spataro. New York: Churchill Livingston, 727 


pp., 1986. $125 


“The acute abdomen,” said the noted surgeon F. D. Moore, “re- 
quires an acute decision.” In Radiology of the Acute Abdomen, the 
authors have departed from this narrow definition; their book encom- 
passes many disease states, both acute and chronic. They have 
broadened the scope to include almost all entities that must be 
evaluated in the differential diagnosis of abdominal illness. 

The authors divide their study along anatomic lines, so that the 
presentation logically progresses through the gastrointestinal tract, 
the liver, spleen and pancreas, the genitourinary tract, and the aorta 
and vena cava. Thus, the subjects presented range from the radio- 
graphic diagnosis of pharyngeal foreign body to the sonographic 
demonstration of testicular tumors. Only the final chapter departs 
from this anatomic progression and covers abdominal trauma. 

The book opens with two valuable chapters. In chapter one, on 
imaging modalities, the authors describe a useful apparatus and 
method of obtaining lateral decubitus abdominal radiographs. In 
chapter two, on contrast media and pharmacological agents, they 
review the recognition and treatment of contrast media reactions. 

In the chapter on the peritoneal cavity, the reader will find a useful 
and comprehensive discussion of a dynamic ileus and its causes. 
This chapter includes an up-to-date description of abscess drainage 
and percutaneous tumor biopsy technique. 

The next five chapters review the diseases of the intestinal tract: 
esophagus, stomach, duodenum, small bowel, colon, and appendix. 
In each chapter, the authors describe the various imaging methods 
and usually indicate the preferred procedures for a given disease. 
They provide an encyclopedic description of many entities, including 
esophageal motility disorders, postoperative gastric complications, 
and the colitides. 

Individual chapters cover diseases of the liver, spleen, and pan- 
creas. The authors describe and illustrate the techniques of percu- 
taneous biliary drainage, stricture dilatation, and stone extraction. A 


complete and up-to-date list of references buttresses each chapter. 

The chapter on the kidney and collecting system begins with a 
review of radiographic anatomy, renal imaging techniques, and cal- 
culous disease. This chapter contains a complete discussion of 
obstructive renal disease. 

A separate chapter describes diseases of the bladder, prostate, 
and urethra. A valuable presentation of inflammatory and proliferative 
bladder diseases covers interstitial, eosinophilic, and Cytoxan cystitis, 
as well as cystitis cystica, cystitis glandularis, and malacoplakia. 
Especially well done is the sonographic study of testicular tumors. 

The authors devote the final chapter to acute abdominal trauma. 
This chapter lacks the timeliness of the preceding chapters. The use 
of sinus injection for determining the depth of stab wounds is outlined. 
This technique, which enjoyed a brief popularity in the late 1960s is 
rarely employed today. The diagnostic use of paracentesis is de- 
scribed. In most trauma centers, CT evaluation has largely replaced 
paracentesis (and peritoneal lavage) for the immediate evaluation of 
abdominal trauma. For the resident in radiology, either of two recently 
published texts on the CT of abdominal trauma might be more useful. 

The scope of this excellent book extends well beyond the contem- 
porary concept that acute abdominal diseases are those that require 
immediate diagnosis and treatment. Rather, this book presents the 
reader with an in-depth description of acute and chronic diseases 
involving the abdominal organs. Drawing on their wide experience, 
the authors discuss the imaging of these diseases. Clear illustrations, 
lucid captions, and carefully selected references complete the de- 
scription of each disease. The radiologist will find this book worth 
purchasing for its helpful, systematic approach to these problems. 
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Percutaneous Abscess 
Drainage in Crohn’s Disease 





The effect of 18 percutaneous abscess drainage procedures on the clinical manage- 
ment of 10 patients with Crohn’s disease was evaluated. Two abscesses occurred 
immediately after surgery (two patients), five were in the liver (three patients), and 11 
were the result of direct spread of disease from adjacent transmural bowel involvement 
(seven patients). Both postoperative and all five hepatic abscesses were treated suc- 
cessfully with percutaneous drainage. In two of the seven patients with abscesses 
secondary to transmural bowel disease, percutaneous drainage resulted in resolution 
of the abscess without the need for any further surgical intervention. The remaining five 
patients had subsequent elective intestinal surgery in which a single-stage surgical 
resection and primary reanastomosis were performed successfully. Two of these pa- 
tients had abscesses recur at the same location, prompting a repeat percutaneous 
drainage before surgery. No enterocutaneous fistulas secondary to percutaneous drain- 
age developed in any of the 10 patients. 

These results indicate that percutaneous abscess drainage can be a valuable tech- 
nique for treating abscesses that result as a complication of Crohn’s disease. 


Abdominal and pelvic abscesses are a well-recognized complication of Crohn's 
disease. Recent reports have indicated that abscesses occur in 20-24% of patients 
with Crohn’s disease and that the incidence of spontaneous onset and postoper- 
ative cases is approximately equal [1-3]. Although percutaneous abscess drainage 
(PAD) is an effective therapeutic maneuver for most intraabdominal abscesses, 
traditional dictum states that abscess formation in Crohn’s disease necessitates 
an open surgical procedure and negates the role of PAD in these patients [4-7]. 
Nevertheless, scattered case reports and occasional documentation of attempted 
PAD, with various degrees of success, in patients with Crohn's disease have 
appeared [5, 8-12]. However, the effect of PAD on the clinical management on a 
group of patients with Crohn’s disease has not been evaluated sufficiently. We 
report the results of treatment of 10 patients with Crohn's disease who have had 
a total of 18 percutaneous abscess drainage procedures. 


Materials and Methods 


Seven men and three women with the diagnosis of Crohn’s disease underwent percuta- 
neous abscess drainage at our institution during the period of March 1982 to October 1986. 
All patients had the diagnosis established by pathologic examination of intestinal tissue 
obtained either at surgery or by endoscopic biopsy. The age range of the group was from 15 
to 56 years. 

Clinical records of these patients were examined for the following information: documen- 
tation of diagnosis, previous intestinal surgery and its temporal relation to abscess detection, 
location of abscess, duration of abscess drainage via a catheter, demonstration of fistulas by 
sinogram, and effect of catheter drainage on subsequent management. An assessment of 
the effect of PAD was based on clinical response, the need for subsequent surgery, and the 
effect of PAD on subsequent surgery. Procedural complications were documented also. 
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Details of our methods of diagnosis and percutaneous treatment 
of abdominal and pelvic abscesses have been described previously 
[13, 14]. All of the abscesses in this series were diagnosed by CT. 
The CT scans were examined carefully to determine the appropriate 


route of catheter entry so the catheter wouid not traverse important. 


structures, including surrounding diseased bowel. The abscesses 
were entered first via thin needles that were inserted by means of 
fluoroscopic (using CT landmarks), sonographic, or CT guidance. 
Final placement of the catheters was performed under fluoroscopic 
control. 


Results 


The 10 patients underwent 18 PAD procedures. The col- 
lections were located in the pelvis (four); left psoas muscle 
(three, of which two were recurrences); liver (five); right lower 
quadrant (four, of which one was a recurrence); paraspinous 
muscle (one); and anterior abdominal wall (one). Two ab- 
scesses occurred postoperatively. Both were located in the 
pelvis and occurred after a right hemicolectomy. Five ab- 
scesses in three patients were in the liver. One patient had 
three separate liver abscesses that required three catheter 
placements. These abscesses were the first clinical manifes- 
tation of this patient’s subsequently diagnosed Crohn's dis- 
ease. Seven patients had 11 abscesses that were the result 
of direct spread of disease from adjacent transmural bowel 
involvement. Two of these were located in the pelvis, four in 
the right lower quadrant, three in the left psoas muscle, one 
in the paraspinous muscle, and one in the anterior abdominal 
wall. One man had his right lower quadrant abscess recur 
once, and another man had his left psoas abscess recur 
twice. In one woman, a pelvic abscess occurred immediately 
after a right hemicolectomy, and 2 months later two separate 
right lower quadrant collections secondary to active Crohn’s 
disease developed. This patient required three separate PAD 
procedures for her three collections over a 2-month period. 
One patient with an abscess in the anterior abdominal wall 
had had a liver abscess percutaneously drained 1 year earlier. 

Both postoperative and all five liver abscesses (in three 
patients) were cured by PAD (Table 1). Of the seven patients 
(11 collections) with periintestinal abscesses due to extension 
from adjacent intestinal disease, two patients with three sep- 
arate collections (two right lower quadrant and one pelvic) 
have not required definitive surgery after being treated by 
PAD (Fig. 1). The remaining five patients had surgery after 
PAD (Fig. 2). In each case, a single-stage surgical resection 
with reanastomosis was performed. The period of time from 
PAD to surgery in these cases was 3, 4, 10, 13, and 170 
days, respectively. One of these patients had an abscess in 
his right lower quadrant recur 9 days after his catheter was 
first removed. This collection was redrained percutaneously, 
and 10 days after drainage the patient underwent resection 
of the distal ileum and ascending colon. Another patient had 
an abscess of the left psoas recur twice, necessitating three 
consecutive abscess drainage procedures over an 8-month 
period. In this patient, the times to recurrence were 24 and 
180 days, respectively. More than 5 months after his last 
drainage, he underwent a right hemicolectomy for a persistent 
enterocutaneous fistula that was not related to his previous 
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TABLE 1: Effect of Percutaneous Abscess Drainage vs Cause 
of Abscess in Crohn’s Disease 





Treatment (No. 
of Patients) 


No. of No.of 
Cause Abscesses Patients pan fie 
an 
Only Surgery 
Postoperative 2 2 2 0 
Hematogenous 
spread from dis- 
eased bowel 5 3 3 0 
Direct spread from 
diseased bowel 11 7 2 5 





Note.--PAD = percutaneous abscess drainage. Two patients had two types 
of abscesses each. 


PAD. At that time, a diseased portion of sigmoid colon, which 
presumably had resulted in his previous psoas abscesses, 
was resected also. 

Abscess drainage was accomplished by means of 8.2- 
French Cope catheters (all equipment, Cook, Bloomington, 
IN) in 11 cases, 10-French Cope catheters in two cases, 12- 
French Cope catheters in four cases, and a 6.7-French 
straight catheter with additional side holes in one case. Initial 
drainage volume ranged from 15 to 450 ml; the average was 
150 mi. Drainage output decreased rapidly to 5-15 ml/day in 
the majority of cases. In these cases, the catheters were 
removed between two and 16 days after insertion, when 
drainage was minimal. The exceptions were the drainages in 
patients with recurrent abscesses. An initial output of 50-100 
ml/day was noted in the patient who had two recurrent psoas 
abscesses. In this patient drainage procedures lasted 12, 60, 
and 28 days, respectively. CT suggested a fistula, and a 
fibrous chord representing the residual tract was documented 
later at surgery. The other patient with a recurrent abscess 
had a relatively long drainage (20 days). However, the output 
was not voluminous (average, 20 mi/day), and a fistula was 
never seen. 

Follow-up sinograms of the abscess cavities were obtained 
in 15 of 18 cases. A definite fistulous communication to 
adjacent diseased bowel was shown in only two sinograms. 
However, fistulas were shown also in two additional cases by 
barium studies (Fig. 2) and suggested in two cases by CT 
findings. Fistulas were not present in the five hepatic and two 
postoperative abscesses in this series. 

Complications after PAD in this series included three recur- 
rent abscesses in two patients and sepsis that occurred the 
day after PAD in one patient. This latter patient became 
Clinically stable without fever and with a decreasing WBC 
count before elective surgery. No cases of enterocutaneous 
fistula were due to PAD. 


Discussion 


The mechanisms of abscess formation in patients with 
Crohn’s disease include peritoneal contamination at the time 
of previous surgery, remote hematologic seeding from dis- 
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Fig. 1.—Pelvic abscess secondary to ileal 
Crohn’s disease successfully treated by percu- 
taneous drainage alone. 

A, CT shows large pelvic abscess (A) with an 
air/fluid level situated between bladder (B) and 
rectum (arrow). 

B, Lateral plain film shows transrectal cathe- 
ter (black arrow) within abscess cavity. Contrast 
is present within bladder (B) and rectum (white 
arrow). 
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Fig. 2.—An abscess secondary to adjacent Crohn’s disease in a man who underwent an elective bowel resection after percutaneous drainage. 
A, CT scan shows an anterior abdominal-wall abscess (arrows) containing gas. 

B, On CT scan, diseased bowel (white arrow) with surrounding inflammatory changes is seen adjacent to abscess (black arrow). 

C, Barium enema shows extensive disease involving ileocecal region with a fistula (arrow) to the abscess cavity (A). 


eased bowel, and direct extension from involved bowel. Im- 
mediate postoperative abscesses can develop from intraper- 
itoneal contamination of infection at the time of surgery. The 
results of PAD in this specific circumstance would be ex- 
pected to be similar to results found in the general population. 
Indeed, the two cases of drainage of postoperative abscesses 
in our series were successful. 

Hematologic seeding from pylephlebitis can result in the 
rare occurrence of hepatic abscesses in Crohn's disease [15, 
16]. A previous review of the literature reported that PAD of 
liver abscesses in Crohn's disease had a limited role in therapy 
[6]. However, Macpherson and Scott [10] reported the suc- 
cessful PAD of a liver abscess in a patient with Crohn's 
disease. In our series, five hepatic abscesses were drained 
without recurrence in three patients with Crohn's disease. 
After their percutaneous drainages, these patients eventually, 
because of local recurrent symptoms, had elective resection 


of diseased bowel. 

Finally, the most common mechanism of intraabdominal 
abscess formation in Crohn’s disease is a reflection of the 
transmural nature of the disease process. The accepted 
pathogenesis of abscess formation in this setting is initial 
transmural penetration by a deep fissure in a diseased seg- 
ment of bowel that leads to chronic perforation [17]. The 
perforation then may lead to leakage of enteric contents into 
an area walled off by inflammation and adhesions, resulting 
in abscess formation. Subsequently, the abscess may rupture 
eventually into an adjacent viscus or to the skin surface, 
producing a fistula. In these cases, the surgical literature has 
reported a 70-75% association between abscesses and 
spontaneous fistula in Crohn’s disease [2, 18]. 

Numerous surgical procedures are used to manage ab- 
scesses in Crohn’s disease. Simple incision and drainage 
have been used for superficial abscesses but have been a 
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definitive procedure in only 15-21% of patients because of 
the formation of enterocutaneous fistulas [2, 19]. En bloc 
resection of the abscess followed by immediate anastomosis 
also has been used [2, 18]. However, because of the possi- 
bility of abscess rupture during mobilization, some surgeons 
still prefer a two-stage procedure with drainage of the abscess 
followed by elective surgery [2, 20]. Immediate reanastomosis 
is not always feasible and actually is contraindicated if gross 
contamination is encountered in the operative field [21]. 

In these cases, PAD is directed at the acute problem of the 
abscess, and surgery is reserved for the chronic underlying 
problem of significantly diseased bowel. The general concept 
of PAD as a preoperative temporizing maneuver to allow for 
improvement in the patient’s condition in anticipation of a 
more limited surgical procedure or a single-stage procedure 
has been discussed [8, 22]. In addition, use of PAD will allow 
aggressive medical therapy with prolonged parenteral hyper- 
alimentation and bowel rest, which have been advocated to 
improve the patient’s nutritional status and to facilitate de- 
creased output from fistula tracts [23]. In our series, use of 
PAD permitted a single-stage operation in five patients. Our 
data also indicate that PAD will result in a total cure in some 
cases. In our series, three abscesses arising from adjacent 
diseased bowel were cured completely by PAD. Similarly, 
simple incision and drainage of these abscesses have resulted 
in cure rates between 21% and 27% in surgical series [2, 
24]. The ability to cure a limited number of abscesses by 
means of a drainage procedure suggests that the extent of 
the disease in the underlying bowel is not as severe as in 
other cases. 

The most frequent complication of simple surgical drainage 
of abscesses in Crohn's disease is an enterocutaneous fistula. 
The frequency of a fistula resulting in additional surgery 
ranges from 21% to 85% [2, 18, 19, 24]. We found no 
evidence in our series of enterocutaneous or enterocolonic 
(two patients underwent transrectal drainage) fistulas devel- 
oping secondary to PAD. The absence of fistual formation 
after PAD may be due, in part, to the minimal trauma and 
resultant tissue healing that are inherent in this procedure. 

Recurrence of an abscess is a recorded complication in our 
series. This complication also occurred in between 12% and 
38% of surgical cases [2, 3, 24]. Two patients in our series 
had recurrent abscesses in the same location because of 
underlying diseased bowel. After repeat PAD, both patients 
subsequently underwent successful single-stage surgical pro- 
cedures. 

Percutaneous drainage can be expected to be a successful 
treatment in most abscesses that arise in the immediate 
postoperative period and in those that originate by hematog- 
enous spread to the liver. The judicious use of PAD to treat 
spontaneous abscesses associated with intrinsic bowel dis- 
ease also is beneficial in both stabilizing the patient and 
allowing for a simpler surgical procedure. In certain cases, 
especially when concurrent barium studies indicate that the 
underlying bowel disease is not severe, clinicians may elect 
to observe the patient closely after PAD for recurrence of 
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abscess or other complications. If these problems develop, 
surgery to resect the diseased bowel segment is necessary. 
The primary goal in the application of PAD in these patients 
is not curing the chronic process of Crohn's disease but 
helping to treat the complications of infection and returning 
the patient, as rapidly as possible, to a productive life. 


REFERENCES 


1. Smith JN, Winship DH. Complications and extraintestinal problems in IBD. 
Med Clin North Am 1980;64: 1161-1171 
2. Greenstein AJ, Sacher DB, Greenstein RJ, et al. Intraabdominal abscess 
in Crohn's (ileo) colitis. Am J Surg 1982;143:727-730 
3. Keighley MRB, Eastwood D, Ambrose NS, et al. Incidence and microbiol- 
ogy of abdominal and pelvic abscess in Crohn's disease. Gastroenterology 
1982;83:1271-1275 
4. vanSonnenberg E, Mueller PR, Ferucci JT. Percutaneous drainage of 250 
abdominal abscesses and fluid collections. Radiology 1984;151:337-347 
5. Gerzof SG, Johnson WC, Robbins AH, Nasbeth DC. Expanded criteria for 
percutaneous abscess drainage. Arch Surg 1985;120:227-232 
6. Crass JR. Liver abscesses as a complication of regional enteritis: interven- 
tional considerations. Am J Gastroenterol 1983;78:747-749 
7. Aufses AH. The surgery of granulomatous inflammatory bowel disease. 
Curr Probl Surg 1983;20:755-826 
8. vanSonnenberg E, Wing VW, Casola G, et al. Temporizing effect of 
percutaneous drainage of complicated abscesses in critically ill patients. 
AJR 1984;142:821-826 
9. Saverymuttu SH, Keshavarzian A, Gibson R, Hodgson HJF. Hepatic ab- 
scess associated with Crohn's disease detected by 111-indium leukocyte 
scanning. J Clin Gastroenterol 1985;7 :273-276 
10. Macpherson DS, Scott DJ. Liver abscess and Crohn's disease (letter). Am 
J Gastroenterol 1985;80:399 
11. Millward SF, Ramsewak W, Fitzsimons P, et al. Percutaneous drainage of 
iliopsoas abscess in Crohn's disease. Gastrointest Radiol 1986;11:289- 
290 
12. Casola G, vanSonnenberg E. Percutaneous drainage of Crohn's abscess: 
results, uses, and problems (abstr). Presented at the annual meeting of 
the Radiological Society of North America, Washington, DC, November 
1984 
13. Jaques P, Mauro M, Safrit H, Yankaskas B, Piggott B. CT features of 
intraabdominal abscesses: prediction of successful percutaneous drain- 
age. AJR 1986;146:1041-1045 
14. Mauro M, Jaques P, Mandell V, Mandel S. Pelvic abscess drainage by the 
transrectal catheter approach in men. AJR 1985;144:474-479 
15. Weinberg RJ, William JK, Brown MR, Smalley JR, Emmens RW. Hepatic 
abscess as a complication of Crohn's disease. J Pediatr Gastroenterol 
Nutr 1983;2:171-174 
16. Valevo V, Senior J. Liver abscess complicating Crohn's disease presenting 
as thoracic empyema. Am J Med 1985;79:659-662 
17. Crohn BB, Ginzburg L, Oppenheimer GD. Regional ileitis. JAMA 
1932;99: 1323-1329 
18. Steinberg DM, Cooke WT, Alexander-Williams J. Abscess and fistulae in 
Crohn's disease. Gut 1973;14:865-869 
19. Naglar SM, Poticha SM. Intraabdominal abscess in regional enteritis. Am 
J Surg 1979;137:350-354 
20. Wheelock FC. Surgical management of regional ileitis, ulcerative colitis and 
granulomatous colitis. Surg Clin North Am 1974;54:675-687 
21. Slater G, Kreel |, Aufses AH. Temporary loop ileostomy in the treatment 
of Crohn's disease. Ann Surg 1978;188:706-709 
22. Greco RS, Kamath C, Nosher JL. Percutaneous drainage of peridiverticular 
abscess followed by primary sigmoidectomy. Dis Colon Rectum 
1982;25:53-55 
23. Muller JM, Keller HW, Erasmi H, et al. Total parenteral nutrition as the sole 
therapy in Crohn's disease. Br J Surg 1983;70:40-—49 
24. Rice MA, Meyer KK. Psoas abscess complicating Crohn's disease. Am J 
Gastroenterol 1985;80:970-977 


Susan James"? 
Dennis M. Balfe’ 
Joseph K. T. Lee!’ 
Daniel Picus' 


Received October 20, 1986; accepted after re- 
vision December 16, 1986. 


1 Mallinckrodt Institute of Radiology, Washington 
University School of Medicine, 510 S. Kingshighway 
Bivd., St. Louis, MO 63110. Address reprint re- 
quests to D. M. Balfe. 


2 Present address: Sparks Radiology, Ltd., P.O. 
Box 2864, Sparks, NV 89432. 


AJR 148:863-868, May 1987 
0361-803X/87/1485-0863 
© American Roentgen Ray Society 


863 


Small-Bowel Disease: 
Categorization by CT Examination 





Fifty patients with no small-bowel disease were evaluated by CT to determine the 
normal appearance of the small bowel and mesentery. Subsequently, the CT findings in 
95 patients with proven small-bowel disease were analyzed to determine which CT 
observations correlated with neoplastic, inflammatory, or edema-producing processes. 
Thirty-three (83%) of 40 patients with wall thickening or mesenteric masses >1.5 cm 
had a neoplastic process. Twenty-eight (82%) of 34 patients with normal mesenteric fat 
attenuation, wall thickening <1.5 cm, or mesenteric masses <1.5 cm had inflammatory 
disease. Fourteen (67%) of 21 patients with no mesenteric mass, increased mesenteric 
fat attenuation, and wall thickening <1.5 cm had noninflammatory edema. Overall, CT 
assigned 75 (79%) of 95 patients into appropriate categories; use of ancillary CT findings 
led to correct categorization in 83 (87%). 

CT is helpful in correctly assigning a disease category to patients with small-bowel 
wall thickening. 


Radiologists are well acquainted with the utility of barium examinations of the 
small bowel. Radiologic findings on small-bowel films are often nonspecific, and 
the differential considerations are necessarily broad. In part, this reflects the fact 
that such studies contain only inferential information about the thickness of the 
bowel wall, and no information at all about the status of the mesentery. 

CT directly images both the wall of the small intestine and the mesentery and 
contained vascular structures [1-6]. The CT findings in a variety of specific entities 
have been widely reported [7-28]. However, a systematic approach permitting a 
logical differential diagnosis based on CT observations has not yet been presented. 

We undertook this retrospective study in an effort to (1) define CT criteria 
allowing identification and categorization of abnormal small bowel and (2) determine 
the accuracy of this categorization in assigning a broad diagnostic category to 
patients with small-intestine disease. 


Materials and Methods 


Normal Cases 


The CT appearance of the small bowel in 50 consecutive patients who had no clinical 
evidence of upper-abdominal or small-bowel disease were reviewed retrospectively by three 
of the authors. Parameters assessed included luminal diameter, wall thickness, and fold 
thickness; since collapsed or contracting bowel may produce an artifactually thickened wall, 
fold and wall thickness were measured only in segments distended to a diameter of at least 
2 cm. The attenuation value of left upper abdominal (jejunal) loops was compared with that 
of right lower abdominal (ileal) loops to assess relative dilution of administered oral contrast 
material. Finally, the attenuation of mesenteric fat and the number and size of soft-tissue 
structures within the mesentery were tabulated. 
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Cases of Small-Bowel Disease 


The CT scans in 95 patients with proven small-bowel disease 
examined at the Mallinckrodt Institute of Radiology between July 
1980 and June 1984 were analyzed by the same three authors. Final 
diagnoses in 95 patients with small-bowel abnormalities are as fol- 
lows. Forty patients had neoplasia affecting the bowel; 19 had 
lymphoma secondarily affecting the alimentary tract, eight had pri- 
mary small-intestinal tumors (four leiomyosarcomas, two carcinoid 
tumors, one adenocarcinoma, one gastrinoma); and 11 had meta- 
static deposits from primary neoplasms originating elsewhere (four 
peritoneal metastases to the serosa, three hematogenous metas- 
tases, four cancers extending from adjacent organs). One patient 
had a desmoid tumor arising with Gardner’s syndrome and one 
patient had mast-cell leukemia involving the small intestine. Thirty- 
nine patients with inflammatory lesions were studied: 21 had Crohn’s 
disease. Six patients had infectious processes: one patient each with 
Whipple's disease, giardiasis, toothpick perforation complicated by 
abscess, pseudomembranous Colitis, peritonitis, and tuboovarian ab- 
scess. Six patients had pancreatitis with secondary small-bowel 
involvement. Six patients had unusual inflammatory entities: three 
had graft-vs-host disease, one sprue, one eosinophilic enteritis, and 
one nonspecific jejunitis. Sixteen patients had diseases that produced 
diffuse edema without inflammation: six had radiation enteritis, eight 
had hypoalbuminemia, and two had ischemia without infarction. 

All scans were obtained on third-generation CT equipment, with 3- 
to 5-sec scan time, 8- to 10-mm section thickness, and 1.0- to 2.0- 
cm scan intervals. In virtually all cases, the diseased areas were 
examined with contiguous 10-mm sections. In all patients, sufficient 
oral contrast material (EZ-CAT, E-Z EM, Westbury, NY, or dilute MD- 
Gastroview, Mallinckrodt, St. Louis) was administered to produce 
adequate distension in the segments of interest (typical volume 
administered was 500 ml). IV contrast material was not administered 
routinely. 

All cases were reviewed without knowledge of the clinical infor- 
mation or pathologic material. The assessed parameters were the 
same as those used in the normal population (including wall thickness, 
fold thickness, luminal distension, dilution of intraluminal contents, 
attenuation of mesenteric fat, and the size and number of soft-tissue 
densities in the mesentery). The presence of ancillary findings (for 
example, ascites, liver metastases, and retroperitoneal masses) was 
noted in each case, but not used in the initial evaluation. 

CT observations in each case were correlated with all available 
clinical information, including standard barium studies, pathologic 
material, and follow-up information. Surgical or autopsy confirmation 
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was available in 35 patients, biopsy material in 26, and clinical follow- 
up in 34. 

In an effort to construct a logical framework for differential diag- 
nosis, we created three broad categories based on CT observations: 
in category 1, we grouped all patients with bowel-wall thickening 
>1.5 cm and/or mesenteric soft-tissue masses >1.5 cm in greatest 
diameter. Category 2 contained patients with focal or diffuse wall 
thickening between 3 mm and 1.5 cm in size. Mesenteric masses, if 
present, were <1.5 cm in diameter; mesenteric fat had normal atten- 
uation. Category 3 contained patients in whom there was diffuse wall 
thickening between 3 mm and 1.5 cm in size and an increase in the 
attenuation of mesenteric fat. Patients with mesenteric masses of 
any size were not included in this group. 

After each case was assigned, we determined the predominant 
pathologic diagnosis in each CT category. If a case was assigned to 
the same CT category as the majority of other cases with a similar 
pathologic diagnosis, we defined this as a correct categorization. If a 
case was assigned to a different CT category from the majority of 
other cases with a similar pathologic diagnosis, we defined this as 
miscategorization. Accuracy was calculated as follows. The dominant 
diagnosis within each CT-derived category was determined; for ex- 
ample, the dominant diagnosis in category 1 was neoplasm. There- 
fore, a true positive was any neoplasm that was correctly assigned 
to category 1, and a false negative was any neoplasm assigned to 
category 2 or 3. A false positive was any nonneoplastic disease 
assigned to category 1, and a true negative any nonneoplastic 
disease not assigned to category 1. Accuracy for making a diagnosis 
of neoplasm with category 1 criteria was therefore given by the 
equation: accuracy = (true positive + true negative) + (true positive 
+ true negative + false positive + false negative). Cases that were 
miscategorized were reanalyzed to determine whether any ancillary 
CT findings were helpful in the differential diagnosis. 


Results 
Normal Group 


Adequate luminal distension (defined as 2 cm or greater 
luminal diameter) was achieved in at least one segment of 
small intestine in all cases. Luminal diameter measured 2-3 
cm in 47 of the 50 cases; in the other three a diameter of 3.5 
cm was measured. Attenuation values of the intraluminal 
contrast material in the jejunal loops were virtually identical 
to those in the ileal loops. In 23 patients the wall was imper- 


TABLE 1: Categorization of Small-Bowel Pathology by CT Criteria 
a eee 


Pathologic Diagnosis 

















Category No., No 
CT Criteria Neoplastic Inflammatory Edema 
1, Wall >1.5 cm and/or mesenteric 
mass >1.5 cm 40 oo 7 0 
2, Wall >3 mm but <1.5 cm; mes- 
enteric masses <1.5 cm 34 4 28 2 
3, Wall >3 mm but <1.5 cm; no 
mesenteric masses; increased 
no. of vessels; increased at- 
tenuation of mesenteric fat 21 3 4 14 
Total 95 40 39 16 


Note.—Accuracy values in the three categories were derived by using the formula: (true positive + true negative)/ 
(true positive + true negative + false positive + false negative). Category 1: (33 + 48)/(33 + 48 + 7 + 7) = 85%. 
Category 2: (28 + 50)/(28 + 50 + 6 + 11) = 82%. Category 3: (14 + 72)/(14 + 72 + 7 + 2) = 91%. 
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ceptible in distended segments; in the other 27, a discrete 
wall was imaged but measured less than 3 mm in thickness. 
Discrete folds perpendicular to the long axis of the small- 
bowel lumen were observed in the jejunum in all cases; folds 
did not exceed 3 mm in thickness in any case. Perpendicular 
folds were not observed in the distal (terminal) ileum, but 
were occasionally present in the more proximal ileal seg- 
ments. Attenuation values of the mesenteric fat were identical 
to those of retroperitoneal and subcutaneous fat in the same 
patient. Branching, serpentine soft-tissue-attenuation struc- 
tures 3-4 mm in diameter were identified in all normal subjects 
and clearly correlated with the normal anatomy of the superior 
mesenteric artery and vein. No mesenteric structure in our 
normal group measured more than 4 mm. 


Group with Small-Bowel Disease 


The correlations between CT categories and final diag- 
noses for all 95 cases are listed in Table 1. 


Fig. 1.—Pattern 1: jejunal wall 
(straight arrows) measures up to 3 cm 
in patient with proven diffuse histiocy- 
tic lymphoma. Paraaortic (arrowheads) 
and mesenteric (curved arrows) nodes 
are present. 


Fig. 2.—Pattern 1: mesenteric mass 
>1.5 cm. Scan through level of pan- 
creas shows focal wall thickening of 
duodenojejunal flexure (open arrows) 
with associated 5-cm mesenteric nodal 
mass (arrows). Poorly differentiated 
lymphocytic lymphoma. 


Fig. 3.—Pattern 1: pitfall. There is 
very slight fold thickening (arrows), but 
three large mesenteric masses (M) are 
present. This patient proved to have 
granulomatous enteritis with multiple 
phiegmonous interloop collections. En- 
larged left paraaortic nodes are also 
present. 


Fig. 4.—Pattern 1: pitfall. Scan 
through root of mesentery shows focal 
eccentric jejunal thickening (<1.5 cm) 
(arrow) and associated 6-cm mesen- 
teric mass (arrowheads). Ancillary find- 
ing (air in mesenteric mass) would 
allow correct categorization as inflam- 
matory. Toothpick perforation of the je- 
junum was proved. 
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Category 1: Of 40 patients assigned to category 1 (wall 
thickening >1.5 cm and/or mesenteric mass >1.5 cm), 33 
had neoplastic disease (Figs. 1 and 2) and seven had inflam- 
matory processes. Of the latter seven cases, three had 
Crohn’s disease (Fig. 3) and one each had toothpick perfo- 
ration of the jejunum (Fig. 4), pancreatitis, giardiasis, and 
Whipple’s disease (Fig. 5). Three cases of Crohn's disease, 
one case of jejunal perforation, and one case of pancreatitis 
were misplaced under this category because of the presence 
of a large mesenteric mass. Multiple nodal masses, ranging 
from 5 mm to 2 cm in diameter were present in one case of 
Giardia lamblia infestation and in one case of Whipple's 
disease, accounting for their placement in this category. Over- 
all the accuracy of a diagnosis of neoplasm based on these 
CT findings was 85%. 

Category 2: Of 34 patients with category 2 CT findings 
(wall thickening >3 mm but <1.5 cm and/or mesenteric 
masses <1.5 cm), 28 had an inflammatory process (Figs. 6 
and 7), two had enteritis, and four had neoplastic disease. 
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Both patients with radiation enteritis were placed in this 
category because they had multiple soft-tissue-attenuation 
mesenteric masses of up to 1 cm in diameter. The cause of 
these masses was not proved in either case. One patient with 
lymphoma who was undergoing chemotherapy was placed in 
this category because multiple mesenteric nodes were pres- 
ent, all smaller than 1.5 cm. Three patients had serosal 
metastases, one each from ovarian cancer, pancreatic cancer, 
and scirrhous colonic cancer. These cases were placed in 
category 2 because the affected small-bowel wall was <1.5 
cm thick (Fig. 8). The accuracy of a diagnosis of inflammatory 
disease based on these CT criteria was 82%. 

Category 3: Fourteen of the 21 patients in this category 
(wall thickening >3 mm but <1.5 cm, no mesenteric mass, 
but an increase in attenuation of mesenteric fat or an increase 
in the number of branching vessels) had disease processes 
that produced noninflammatory edema (for example, ische- 
mia, hypoalbuminemia) (Fig. 9). Thus, a prospective diagnosis 
of edema based on CT findings would have resulted in seven 
errors. Three patients with lymphoma were miscategorized; 
in all three, lymphatic obstruction in the mesentery produced 
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Fig. 5.—Pattern 1: pitfall. Scan 
through root of mesentery in patient 
with Whipple’s disease shows numer- 
ous low-attenuation lymph nodes of up 
to 3 cm in diameter (arrows). Most of 
the small bowel is undistended, and its 
thickness cannot be ascertained. An- 
cillary finding (low-attenuation nodes) 
is highly suggestive of Whipple’s dis- 
ease. 


Fig. 6.—Pattern 2: wall thickening 
=1.5 cm. Concentric thickening of the 
wall of a single loop of distal ileum 
(arrows) with no associated mesen- 
teric abnormality. Granulomatous en- 
teritis. 


Fig. 7.—Pattern 2: wall thickening 
=1.5 cm and mesenteric masses <1.5 
cm. Scan through caudal aspect of 
false pelvis shows thickened ileal loops 
(one of which is also dilated) (arrows) 
and numerous mesenteric masses, all 
of which measured less than 1.5 cm in 
diameter. Granulomatous enteritis. 


Fig. 8.—Pattern 2: pitfall. Scan 
through true pelvis in woman with 
known diagnosis of ovarian cancer 
shows eccentric thickening of ileal seg- 
ment (arrow) and small mesenteric 
mass (arrowhead). Both proved to be 
metastatic ovarian carcinoma. 


lymphangiectasia as the dominant pattern. None of the three 
had appreciably enlarged mesenteric lymph nodes; all three 
had had prior treatment with chemotherapy. Two patients 
with graft-vs-host disease had findings resembling small- 
bowel edema (Fig. 10), as did one patient with eosinophilic 
enteritis and one with bacterial peritonitis. The accuracy of a 
diagnosis of noninflammatory edema based on CT findings 
was 91%. 


Value of Ancillary CT Findings 


If only the wall thickness, the size of mesenteric masses, 
and the attenuation of mesenteric fat were used to categorize 
small-bowel disease, 75 of 95 patients were correctly as- 
signed. However, if ancillary CT findings were also used, an 
additional eight patients were correctly categorized. These 
included two patients with lymphoma who had widespread 
retroperitoneal adenopathy and splenomegaly and three pa- 
tients with peritoneal spread of malignancy who had concom- 
itant omental metastases. These five cases were originally 
categorized under category 2 on the basis of observations 
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Fig. 9.—Pattern 3: wall thickening 
<1.5 cm, no mesenteric mass, in- 
creased vascular pattern, and in- 
creased attenuation of mesenteric fat. 
In this patient with end-stage vasculitis 
caused by systemic lupus erythema- 
tosus, there is marked thickening of 
ascending colon (arrows). Small intes- 
tinal wall (black arrowheads) measures 
1.3 cm, and there is associated en- 
largement of serpentine mesenteric 
vascular structures (white arrowheads) 
and diffuse increase in attenuation in 
mesenteric fat (“dirty fat”). At autopsy, 
there was extensive ischemia without 
infarction of entire small intestine and 
colon. 

Fig. 10.—Pattern 3: pitfall. Scan 
through true pelvis shows wall thick- 
ening (arrows) throughout ileal 
segment. Diffuse enlargement in mes- 
enteric vessels and increase in mes- 
enteric fat attenuation. Proven graft-vs- 
host disease. 


confined to the mesentery and bowel wall. One patient with 
a toothpick perforation was placed in the malignant category 
because the mesenteric mass exceeded 1.5 cm in diameter; 
however, the mass also contained air-fluid levels and was 
clearly an abscess. One case of Whipple’s disease was 
categorized as malignant because of multiple large mesenteric 
lymph nodes. However, these nodes all contained low-atten- 
uation material, a CT feature highly suggestive of the specific 
entity of Whipple’s disease. Finally, one case of pancreatitis 
produced focal thickening of the adjacent jejunal wall up to 3 
cm, but also had widespread infiltration of the anterior para- 
renal space virtually pathognomic for pancreatitis. Thus, the 
use of ancillary CT findings would have allowed correct 
categorization in 83 (87%) of 95 cases. 


Discussion 


Achieving a correct diagnosis in a patient with small-bowel 
disease requires the clinical acumen of the most astute phy- 
sician. Two major factors contributing to the difficulty are (1) 
the inaccessibility of the small intestine to physical or endo- 
scopic examination and (2) the nonspecific nature of the 
presenting signs and symptoms in patients with small intes- 
tinal disease. Barium studies, specifically, dedicated small- 
bowel examination (enteroclysis), may provide valuable infor- 
mation by displaying exquisite mucosal detail, but submucosal 
processes largely take only two discrete patterns: nodularity 
or fold thickening. Moreover, diseases primarily affecting the 
mesentery produce no detectable findings unless they ob- 
struct venous or lymphatic drainage (when only edema is 
observed) or are large enough to displace adjacent bowel 
loops. 

CT allows direct visualization of the bowel wall and mes- 
entery, and, therefore, adds unique information that should 
narrow the differential diagnostic possibilities. There have 
been numerous reports in the literature elaborating the radio- 
graphic findings in specific vascular [7-11], inflammatory [12- 
21], and neoplastic [22-28] diseases affecting the small in- 
testine. However, two general questions have yet to be 
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addressed. (1) Are CT findings sufficiently specific to allow 
categorization of small-bowel diseases with reasonable ac- 
curacy? (2) Under what circumstances can CT be expected 
to contribute information that substantially changes patient 
management? Our current study attempts to answer the first 
of these two questions. 

Our review of normal individuals confirms the results of 
other authors [1, 2, 5, 6]: (1) fat in the normal mesentery has 
the same attenuation as fat elsewhere, (2) major arteries and 
veins are identifiable as branching structures within mesen- 
teric fat and do not exceed 3 mm in diameter, (3) discrete 
spherical structures (presumed to be lymph nodes) are oc- 
casionally observed within mesenteric fat and do not exceed 
3 mm in diameter, and (4) the small-bowel wall likewise can 
be perceived in most individuals as a thin (<3-mm) structure 
separating the contrast-distended lumen from the mesenteric 
fat. 

Our data show that CT demonstration of either small- 
intestine wall thickening of more than 1.5 cm in greatest 
dimension or the presence of discrete mesenteric masses 
>1.5 cm in diameter is an indicator of neoplastic disease. 
Patients with small serosal implants from peritoneal carcino- 
matosis or those partially treated may have CT findings 
indistinguishable from an inflammatory process. However, in 
those cases, the clinical information is usually sufficient to 
allow a correct diagnosis, as was documented in seven of 
Our Cases. 

Our data also show that when the mesenteric masses or 
the small-bowel-wall thickness is less than 1.5 cm, an inflam- 
matory etiology should be favored. The presence of a phleg- 
mon, which often complicates Crohn's disease, may result in 
an erroneous diagnosis of a neoplastic process. Both Whip- 
ple’s disease and giardiasis can produce larger lymph nodes 
than most inflammatory processes and may also be confused 
with neoplastic disease. The CT findings of small-bowel-wall 
thickening <1.5 cm, an increase in attenuation of mesenteric 
fat and/or thickening of mesenteric vessels, and the absence 
of a mesenteric mass suggest the diagnosis of noninflam- 
matory edema of the bowel wall. These criteria allowed ap- 
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propriate categorization of all but two cases, both of which 
Nad radiation enteritis subsequent to full-course therapy for 
pelvic malignancy. Mesenteric masses in each case exceeded 
1.5 cm, leading to an erroneous diagnosis of malignancy. 

Clearly, a simple categorization scheme based on size 
criteria alone will inevitably result in diagnostic errors, since 
variations in disease type and severity or in host response 
will produce different degrees of wall thickening. Ancillary 
findings are often available to aid in the assessment of cases 
with borderline abnormalities. 

The results of this retrospective study indicate that obser- 
vation of a few objective CT findings allows classification of 
small-bowel disease into broad categories. We are currently 
testing this hypothesis in a prospective series. 
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“°™Tc¢ RBC Scintigraphy: 
Correlation of Gastrointestinal 
Bleeding Rates with Scintigraphic 
Findings 





In 62 consecutive patients, "Tc RBC studies were reviewed and the scintigraphic 
findings were characterized to determine the ability of "Te RBC scintigraphy to estimate 
bleeding rates in patients with active gastrointestinal hemorrhage. Of the 62 scans, 10 
showed early positivity (<1 hr) with a strongly intense bleeding focus relative to hepatic 
activity (group 1), four showed delayed positivity (>1 hr) with a strong focus (group 2), 
five showed early positivity with a weak focus (group 3), 12 showed delayed positivity 
with a weak focus (group 4), and 31 studies were negative (group 5). The mean bleeding 
rates were then calculated by dividing the blood transfusion volume requirements by 
the duration of active bleeding for each patient, as recorded in the patients’ charts. The 
mean bleeding rates for these groups were 0.4, 0.3, 0.2, 0.15, and 0.1 ml/min, respec- 
tively. Group 1 patients had the greatest mean blood-volume loss, longest duration of 


‘-active bleeding, and highest mean bleeding rate, and they required more aggressive 


therapy than the other groups. The minimum mean bleeding rate detectable by scintig- 
raphy was 0.1 mi/min. 

Our results suggest that "Tc RBC scintigraphy can estimate bleeding rates and 
identify those patients who are at higher risk for developing massive gastrointestinal 
hemorrhage requiring more aggressive therapy. 


Scintigraphic evaluation of patients with suspected gastrointestinal hemorrhage 
is a safe, noninvasive, and accurate method for detection and localization of 
bleeding sites [1-6]. However, little has been reported concerning the potential 
ability of scintigraphy to estimate more physiologic parameters of gastrointestinal 
hemorrhage, that is, the frequency of bleeding and blood-volume loss. Gastrointes- 
tinal hemorrhage is, according to angiographic findings, an intermittent and episodic 
process [7]. The bleeding rate will, therefore, be dependent on the duration of each 
bleeding episode and the volume of blood lost during each episode. 

Since scintigraphic demonstration of gastrointestinal bleeding sites depends on 
extravasation of technetium-99m (°°"Tc) RBCs into the bowel lumen, findings of a 
strongly intense focus would be expected to correspond to a bleeding episode 
involving a large volume of blood loss. Early appearance of positive findings should 
occur in patients with frequent episodic bleeding with moderate or large blood 
losses. Consequently, these findings would be expected to be seen only in patients 
with high bleeding rates and correspondingly large transfusion requirements. To 
test this hypothesis, we reviewed the "Tc RBC studies of 62 patients with 
gastrointestinal hemorrhage and correlated the scintigraphic findings with the mean 
bleeding rate, as estimated by blood-transfusion requirements and duration of 
active bleeding. Since scintigraphy is usually performed as an initial diagnostic 
procedure early in the patient’s hospital course, we carefully evaluated the ability 
of scintigraphy to predict which patients would subsequently require large volumes 
of blood transfusions in addition to surgical or other interventional therapy to control 
their hemorrhages. 
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Subjects and Methods 


All patients referred with clinical evidence of gastrointestinal hem- 
orrhage as documented by anemia and grossly bloody or guaiac- 
positive stools over a 30-month period were included in the present 
study. Sixty-two patients (36 women, mean age 55 years) underwent 
*°"T¢ RBC scintigraphic studies to localize gastrointestinal bleeding 
sites during the study period. Twelve of the 62 patients had angio- 
graphic studies within 1 week of scintigraphy. 

Radionuclide imaging was performed with a large-field-of-view 
scintillation camera equipped with an all-purpose parallel-hole colli- 
mator. Five milliliters of each patient's previously obtained whole 
blood were labeled with 20 mCi (740 MBq) of "Tc (Brookhaven 
National Labs., Upton, NY). One million count images of the abdomen 
(from pubis to diaphragm) were acquired in the anterior projection 
immediately after injection and then every 10 min for the first 90 min. 
Images were then acquired at frequent intervals up to 24 hr if there 
was no evidence for bleeding in the first 90 min. Oblique views were 
obtained, if needed, to define better the location of abnormal findings 
and to identify correctly the normal physiologic collections of tracer 
activity. At the time positive scintigraphic findings were first seen, at 
least one more delayed image was obtained to assess better the 
scintigraphic findings and bleeding site, and the study was terminated. 

The *°"Tc RBC scintigrams were considered positive if a focus of 
activity occurred corresponding to the location of a portion of the 
gastrointestinal tract, which either increased in intensity or changed 
in location within the gut. Each scintigram was carefully analyzed for 
the time of appearance of positive findings, intensity of the positive 
findings relative to hepatic activity, and for other possible scintigraphic 
findings that might indicate the bleeding rate. Positive findings were 
characterized as showing a strongly intense focus if the activity was 
of greater or equal intensity as compared with hepatic activity and a 
weakly intense focus if the activity was of lesser intensity than the 
liver. The scintigraphic study was considered to show early positivity 
if an abnormal focus of activity was seen within 1 hr after injection 
and to show delayed positivity if the abnormal findings appeared 
more than 1 hr after injection. Two experienced observers reviewed 
all scintigrams independently and characterized the findings on each 
scintigram without knowledge of the clinical history or transfusion 
requirements. When a disagreement occurred, a final decision was 
made at a meeting of the two observers. 

The medical charts of each patient were reviewed, and information 
concerning the following were recorded: duration of active bleeding, 
gastrointestinal barium studies, endoscopy, angiographic findings (if 
performed), surgical or medical treatment, and cause of the bleeding 
process (if known). The scintigraphic findings were then correlated 
with the bleeding rates and blood-volume loss for each patient. 

The instantaneous bleeding rate (Ri) depends on the volume of 
blood lost (dV) in a very short interval of time (dT) during active 
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bleeding, that is, Ri = dV/dt. Unfortunately, blood-volume losses 
cannot be measured in a short interval in patients. We can estimate, 
however, the mean bleeding rate (Rm), which depends on the volume 
of blood lost (V) during a longer period of time (T) of active bleeding, 
that is, Rm = V/T. The period of active bleeding is difficult to determine 
on clinical criteria alone; however, we recorded the time interval 
between sequential administrations of blood transfusions while the 
patient was passing grossly bloody (or guaiac-positive) stools and/or 
experiencing a dropping hematocrit. This interval wa used as an 
approximation of the duration of active bleeding. The volume of blood 
lost was estimated by reviewing blood-bank records to document the 
total blood-replacement requirements necessary to stabilize the pa- 
tient’s hematocrit at 30% during this time interval. 

The mean bleeding rate was calculated by dividing these estimates 
of the total blood-volume loss by the corresponding time period of 
active bleeding. Because of the rough estimates used to calculate 
the mean bleeding rate, we will report this rate only to the first decimal 
place (+0.1 ml/min or +144 mi/day). All statistical analyses were 
performed by using the Student's t test for paired data with correc- 
tions for small samples sizes where appropriate. 


Results 


Thirty-one of the 62 patients had positive scintigraphic 
findings, suggesting active gastrointestinal hemorrhage. Of 
these, 15 patients showed early appearance of positive find- 
ings (<1 hr after injection) and 16 showed delayed positivity. 
Fourteen patients had scintigrams with a strongly intense 
focus corresponding to the bleeding site, while 17 had scans 
with a weakly intense focus of activity. Thirty-one patients 
had negative studies. No other scintigraphic findings were 
observed that could potentially estimate the bleeding rates in 
these patients. The 62 patients were then assigned to one of 
five groups, according to the findings present on their scinti- 
grams (Table 1). The scintigraphic findings were then corre- 
lated with the mean blood loss (estimated by blood-replace- 
ment requirements) and bleeding rates for each group of 
patients. 

Ten patients had scintigrams that showed a strongly in- 
tense focus of activity with early positivity (group 1) (Fig. 1). 
This group of patients had the largest mean blood-replace- 
ment requirements (5950 ml), the longest duration of active 
bleeding (14,112 min), and the highest bleeding rate (0.4 ml/ 
min), and they required more aggressive therapy than the 
other groups of patients reviewed in this study (Table 1). The 
difference in total transfusion requirements for this group as 


TABLE 1: Correlation of Scintigraphic Findings with Gastrointestinal Bleeding Rates 
ee en E 


Group No.: No. of 
Scintigraphic Findings Patients 
1: Strongly intense focus; early positivity 10 
2: Strongly intense focus; delayed positivity 4 
3: Weakly intense focus; early positivity 5 
4: Weakly intense focus; delayed positivity 12 
5: Negative studies 31 


Mean Values (1 SD) 


Total Transfusion Duration of 

Requirement in Active Bleeding "Tae 
ml in min 

5,950 (3013) 14,112 (6,685) 0.4 (0.1) 
2,125* (946) 6,840 (5,175) 0.3 (0.2) 
1,650" (962) 7,776 (5,653) 0.2” (0.1) 
1,354 (1363) 8,760 (7,802) 0.15° (0.1) 
645° (651) 5,760° (4,890) 0.1° (0.2) 


SS aE SE SO aS SS SS SS 6 SS eS DS ee eee FS eo ee 


° Difference between this group and the group above it is statistically significant (jp < .05). 


P Difference between this group and group 1 is statistically significant (p < .05). 
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Fig. 1.—Sequential anterior abdominal "Tc 
RBC images at 10 (A), 20 (B), 25 (C), and 30 (D) 
min after injection show abnormal focus of activ- 
ity in cecum (arrow), which appears to be more 
intense than hepatic activity. Mean bleeding rate 
was 0.5 ml/min, and a right hemicolectomy was 
required for treatment. 
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Fig. 2.—Sequential anterior abdominal scintigrams at 70 (A), 80 (B), and 90 (C) min after injection show abnormal activity focus in transverse colon 
(arrows), which appears more intense than hepatic activity. Mean bleeding rate was 0.3 ml/min. 


compared with all other groups in this study was found to be 
statistically significant (p < .05). The difference in bleeding 
rates between this group and those patients with a strongly 
intense focus and delayed positivity (group 2) was not signif- 


icant (p > .20); however, the differences in bleeding rates 
with the other groups were significant (p < .05). More ag- 
gressive therapy was necessary to control the bleeding pro- 
cess in the group 1 patients: three of the 10 patients required 
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a hemicolectomy (two) or a total colectomy (one), and the 
other seven required therapeutic infusion of Pitressin (Parke- 
Davis, Morris Plains, NJ). Only one of the other 52 patients in 
this study required surgical intervention to control the bleeding 
process. 

Four patients had scintigrams showing a strongly intense 
focus of activity with delayed positivity (group 2) (Fig. 2). 
These patients had larger mean blood-replacement require- 
ments (2125 ml) and mean bleeding rates (0.3 ml/min) than 
the patients with scintigraphic findings of a weakly intense 
focus (groups 3 and 4) or patients with negative scintigrams 
(group 5). The mean duration of active bleeding (6840 min), 
however, was not significantly different from that of the other 
groups. Although all four patients required therapeutic infu- 
sion of Pitressin to control the hemorrhage, none required 
surgery. 

Five patients had scintigrams showing a weakly intense 
focus with early positivity (group 3). These patients had larger 
mean blood-replacement requirements (1650 ml) and bleeding 
rates (0.2 ml/min) than the patients with findings of a weakly 
intense focus and delayed positivity (group 4) or those with 
negative studies (group 5). The mean duration of active 
bleeding was not significantly different from that of group 2, 
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Fig. 3.—Anterior abdominal scintigrams at 30 
min (A), 60 min (B), 120 min (C), and 22 hr (D) 
after injection show faint activity focus in cecum 
(arrow), which appears less intense than hepatic 
activity and is seen only on 22-hr image (D). 
Mean bleeding rate was 0.1 ml/min. 


4, or 5. Four of these five patients required therapeutic 
infusion of Pitressin, and one required a right hemicolectomy 
to control the hemorrhage. 

Twelve patients had scintigraphic findings of a weakly 
intense focus with delayed positivity (group 4) (Fig. 3). These 
patients had the smallest mean blood-replacement require- 
ments (1354 ml) and mean bleeding rate (0.15 ml/min) of all 
groups with positive scintigraphic findings. Only four of these 
patients required therapeutic infusion of Pitressin, and none 
required surgery. 

Thirty-one patients had scintigrams that were interpreted 
as normal (group 5). The absence of positive findings despite 
clinical evidence of gastrointestinal hemorrhage suggests that 
the total blood loss and bleeding rates were below the thresh- 
old necessary for scintigraphic detection of the bleeding site, 
or that active bleeding did not occur during the imaging period. 
As expected, these patients had smaller mean blood-replace- 
ment requirements (645 ml) and bleeding rates (0.1 ml/min) 
than those of the other groups, which had abnormal scinti- 
grams. The mean transfusion requirement was significantly 
smaller than that for the group 4 patients (p < .05). Ten (32%) 
of the 31 patients did not require any blood transfusion to 
Stabilize their hematocrit at 30%, and only six required ther- 
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apeutic Pitressin infusion. None required surgery, and none 
were referred for angiography. These patients also had the 
shortest mean duration of active bleeding (5760 min). 

Of the 62 patients in this study, 12 underwent angiography 
within 1 week of scintigraphy. These 12 patients were referred 
for angiography because of massive gastrointestinal hemor- 
rhage and a rapidly falling hematocrit; hemicolectomy or intra- 
arterial Pitressin therapy was being considered for these 
patients. They had more clinically overt evidence of massive 
gastrointestinal bleeding than the other patients. Six of the 
12 angiograms were abnormal, with four showing active 
extravasation of contrast material and two showing colonic 
angiodysplasia with no extravasation. Five of the six patients 
with abnormal angiograms had scintigraphic findings of a 
strongly intense focus with early positivity (group 1), whereas 
only one of six patients with normal angiograms had these 
findings on scintigraphy. The angiographic and scintigraphic 
findings, along with their estimated bleeding rates, are pre- 
sented in Table 2. 

Of the 31 patients with abnormal scintigrams, confirmatory 
diagnostic studies (including angiography, upper gastrointes- 
tinal endoscopy, colonoscopy, barium enema examination, or 
exploratory surgery) were performed in 27. Thirteen patients 
had bleeding colonic diverticula, three had colonic angiodys- 
plasia or arteriovenous malformations, three had colonic ad- 
enocarcinoma, three had bleeding duodenal ulcerations, one 
had ischemic colitis, one had Crohn's disease, one had gastric 
ulceration, one had a jejunal anastomotic ulceration, and one 
had a small-bowel diverticulum. The "Tc RBC scintigram 
correctly localized the bleeding site in 23 of these 27 patients 
(accuracy = 85%). In three patients with duodenal ulcer 
disease and one patient with an ileal diverticulum, the activity 
focus was seen in the right lower quadrant of the abdomen, 
and the bleeding site was incorrectly localized to the cecum 
or ascending colon. 

Of the 31 patients with negative scintigrams, confirmatory 
diagnostic studies (including upper gastrointestinal endos- 
copy, colonoscopy, upper gastrointestinal series, and barium 
enema examination) were performed in 18. None of these 


TABLE 2: Correlation of Angiographic and Scintigraphic 
Findings with Gastrointestinal Bleeding Rates 








Angiographic Findings: Scintigraphic gees No. of 
Finding (ml/min) Cases 
Active extravasation: 
Early positivity, strong focus 0.5 3 
Delayed positivity, strong focus 0.5 1 
Angiodysplasia, no extravasation: 
Early positivity, strong focus 0.4 1 
0.3 1 
Normal: 
Early positivity, strong focus 0.5 1 
Delayed positivity, strong focus 0.5 1 
0.3 1 
Delayed positivity, weak focus 0.4 1 
0.3 1 
0.1 1 


(oR | Sr ee 


Note.—Scintigraphy was performed with °™Tc-labeled RBCs. 
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patients underwent angiography or exploratory surgery. No 
active bleeding site was identified in any of these patients. 
However, 11 patients had colonic diverticula, two had multiple 
colonic polyps, two had chronic duodenal ulcer disease, two 
had colonic adenocarcinoma, and one had gastritis. 


Discussion 


The detection of blood in the bowel lumen by *’"Tc RBC 
scintigraphy will depend on the presence of a greater-than- 
critical-threshold volume of radiolabeled extravasated RBCs 
in a given area of the bowel. Therefore, scan positivity will 
ultimately depend on the gastrointestinal instantaneous bleed- 
ing rate just before imaging. Although the instantaneous 
bleeding rate is the ideal rate to be measured in terms of 
predicting a positive scan, it cannot be determined in patients 
since blood-volume losses cannot be estimated over a short 
interval. However, measurement of instantaneous bleeding 
rates might be possible in experimental animal studies in 
which a catheter is inserted in the bowel lumen. In the current 
study, we attempted to determine the mean bleeding rate by 
estimating the volume of blood lost during a longer period of 
Clinically overt bleeding. Several individual bleeding episodes 
may occur during this time, with intervening periods of no 
active hemorrhaging. The mean bleeding rate, which is an 
averaged quantity, may be of greater clinical significance than 
the instantaneous bleeding rate, because this mean bleeding 
rate and the time period of its occurrence ultimately determine 
the total volume of blood loss and blood-transfusion require- 
ments. 

The fact that °°"Tc RBC scintigraphy can distinguish pa- 
tients with high mean bleeding rates from those with slower 
bleeding rates may be of major clinical prognostic significance. 
Most patients are referred for scintigraphic studies early in 
the course of gastrointestinal hemorrhage. Those patients 
found to have very high bleeding rates with large blood losses 
would be expected to require more aggressive therapy, in- 
cluding possible surgical intervention, to control the hemor- 
rhage. This was confirmed in the present study: 21% of the 
groups 1-3 patients required surgical intervention and the 
other 79% had Pitressin therapy, while none of the patients 
in groups 4 and 5 underwent surgery and only 23% required 
Pitressin therapy. In addition, 79% (11 of 14) of patients with 
a strongly intense focus (with early or delayed positivity) 
required blood transfusions on each of the 3 days after 
scintigraphy, whereas only 24% (four of 17) of patients with 
a weakly intense focus and only 13% (four of 31) of patients 
with negative scintigrams required transfusion over the follow- 
ing 3-day period. Thus, the presence of specific findings on 
the abnormal scintigram can predict early in the course of the 
bleeding process which patients are likely to have large blood- 
transfusion requirements and to require more aggressive 
medical and surgical therapy. 

Previous investigators have attempted to correlate the time 
of appearance of positive findings with transfusion require- 
ments and bleeding rates. Winzelberg et al. [3] noted that 
transfusion requirements were related to the time of appear- 
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ance, with a mean blood volume required for transfusion 
being over 100% greater in the group that became positive 
between zero and 1 hr when compared with the group that 
became positive between 12 and 24 hr. They also noted that 
the minimum transfusion requirement was 500 ml over a 24- 
hr period (0.35 ml/min) in all patients with abnormal scinti- 
grams. Chandeysson et al. [8], using an abdominal phantom, 
found that instantaneous bleeding rates as low as 0.2 ml/min 
could be detected on scintigraphy in low-background areas. 
More recently Datz et al. [9], using dogs with a catheter 
inserted in the lumen of the sigmoid colon, found that instan- 
taneous bleeding rates as low as 0.2 ml/min could be detected 
by 10 min and slower bleeding rates of 0.04 ml/min were 
detected by 55 min. These studies, however, cannot be 
compared with our current study since they correlated scin- 
tigraphic findings with the instantaneous bleeding rate, in- 
stead of with mean bleeding rates. Our study suggests that 
a minimum threshold mean bleeding rate of 0.1 ml/min is 
necessary to detect bleeding sites in patients. Slower mean 
bleeding rates will apparently escape detection on °°"Tc RBC 
scintigraphy. 

McKusick et al. [4] have reported that °°"Tc RBC scintig- 
raphy is more sensitive than angiography for detecting bleed- 
ing sites and that angiography is likely to be negative if the 
scintigram fails to show the bleeding focus. Investigators [10- 
12] have previously reported that angiographic demonstration 
of the bleeding site requires that injection of contrast material 
coincide with an active bleeding rate greater than 0.5 ml/min. 
Our study shows that patients with mean bleeding rates 
greater than 0.4 ml/min will most likely show scintigraphic 
findings of a strongly intense focus with early positivity. In our 
study, three of the four patients with positive angiograms 
showing extravasation had scintigraphic findings of a strongly 
intense focus with early positivity (Table 2). Therefore, an- 
giography is likely to be negative unless °°"Tc RBC scintig- 
raphy shows these specific findings at the bleeding site. 
However, although angiography may not show active extra- 
vasation, it could still be helpful in those patients with angio- 
dysplasia or other vascular lesions who would have abnormal 
blood vessels identified but may not have active extravasation 
at the time of the study. 

Patients should be referred for scintigraphy early during the 
course of gastrointestinal hemorrhage, and °°"Tc RBC scin- 
tigraphy should be performed during a period of maximum 
bleeding rates and blood loss. This is necessary to maximize 
the sensitivity of scintigraphy for detecting the bleeding site. 
In this study, 18 (78%) of 23 patients requiring two or more 
units of blood transfusions (=500 ml) (necessary to stabilize 
the hematocrit at 30%) in the 24-hr period before scintigraphy 
had abnormal studies, whereas only 13 (33%) of 39 patients 
requiring less than two units of blood transfusions (<500 ml) 
in the same period had positive studies. This is similar to the 
data of Winzelberg et al. [6], which showed that 39 (81%) of 
48 patients with blood-replacement requirements of greater 
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than one unit in the 24 hr before scintigraphy had abnormal 
studies, whereas only 23 (44%) of 52 patients requiring one 
or no units of blood replacement had positive scans. This 
suggests that the ideal time to perform scintigraphy is during 
or immediately after a short period (<24 hr) in which the 
patient required at least two units (500 ml) of blood transfu- 
sions. 

*°™T¢ RBC scintigraphy has been shown by previous inves- 
tigators [1-6] to be a sensitive and accurate procedure for 
detecting and localizing the bleeding site in patients with 
gastrointestinal hemorrhage. Our study shows that, in addi- 
tion, scintigraphy can estimate the mean bleeding rate in 
patients with gastrointestinal hemorrhage and that scinti- 
graphic findings of early positivity and/or a strongly intense 
focus of activity occurs in patients with high bleeding rates. 
Those patients with high mean bleeding rates can, therefore, 
be identified early in the course of the bleeding process. This 
is of clinical prognostic significance, as patients with high 
bleeding rates are more likely to have large blood-volume- 
replacement requirements, to experience longer periods of 
active bleeding, and to require early and more aggressive 
therapy in order to control the gastrointestinal hemorrhage. 
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Sonographic Evaluation of 
Resting Gallbladder Volume 
and Postprandial Emptying 
in Patients with Gallstones 





We investigated fasting gallbladder volume and gallbladder emptying in response to 
a fatty meal in 20 patients with asymptomatic gallstones and compared the results with 
findings from healthy controls. Compared with control subjects without gallstones, the 
majority of patients with gallstones exhibited a higher resting gallbladder volume, less 
fractional emptying after a fatty meal, and a higher postmeal residual volume. These 
abnormalities all appeared to stem from an abnormally high resting gallbladder volume. 
Whether the increased gallbladder volume and decreased postprandial fractional emp- 
tying in the gallstone patients represents a primary or secondary abnormality remains 
to be determined. 

The results suggest that in some patients decreased gallbladder contractility may 
contribute to gallstone development or proliferation. 


Although gallstones are common in adults, the factors that contribute to their 
pathophysiology remain incompletely understood. Findings from previous studies, 
particularly recent studies using hepatobiliary scintigraphy, suggest that abnormal 
gallbladder motor function may contribute to the development of gallstones in some 
patients with cholelithiasis [1-7]. Results from recent studies validate the utility of 
sonography for measuring gallbladder volume [8-10]. In this study we used 
sonography to evaluate fasting gallbladder volume and gallbladder emptying in 
response to a fatty meal in patients with gallstones and compared the results with 
those obtained from normal subjects. 


Subjects and Methods 


During a 1-year period from August 1985 through July 1986 we determined fasting 
gallbladder volume and volume changes in response to a fatty meal in 40 consenting adult 
subjects. Twenty of the subjects were healthy asymptomatic volunteers: 11 men and nine 
women with a mean age of 45 + 8 years (range, 24-66). The other subjects were random 
patients with one or several gallstones that occupied less than 25% of the gallbladder lumen. 
This group consisted of 11 men and nine women with a mean age of 45 + 8 years (range, 
18-69). Thus, the control and patient groups were comparable in age and gender distribution. 
Of the 20 patients with cholelithiasis, 15 were without any symptoms suggestive of biliary 
disease. Their gallstones were discovered incidentally during abdominal sonography or CT 
done for reasons unrelated to suspected biliary tract disease. The other five patients with 
gallstones were examined for symptoms, such as epigastric fullness, abdominal bloating, or 
fatty-food intolerance, considered by their referring physicians to be suggestive of gallstones. 
None of these patients had symptoms suggestive of biliary colic. The patients were without 
a history of diabetes, vagotomy, or other conditions believed to be associated with abnormal 
gallbladder emptying. In all cses the common duct appeared normal on sonography. 

Each subject fasted a minimum of 4 hr before the sonographic examination. For sonography 
we used a real-time sonographic unit with a 3.5- and 5.0-MHz transducer (GE/RT 3600 
General Electric Medical Systems, Waukesha, WI). We obtained multiple longitudinal and 
transverse images of the gallbladder immediately before the subject ingested a fatty meal 
and at 5, 15, 30, 45, and 60 min after the meal. The fatty meal consisted of Lipomul (Mead 
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Johnson Laboratories, Evansville, IN) given in a volume of 0.7 ml/kg, 
followed by 100 ml of water. 

As described previously [10], we measured gallbladder volume by 
the ellipsoid method wherein volume = 0.52 (W x H x L), where W 
= gallbladder width, H = height, and L = axial length. Measurement 
of gallbladder length was made from longitudinal sections through 
the long axis of the gallbladder, while width and height were measured 
from transverse sections through the middle of the gallbladder. All 
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Fig. 1.—Gallbladder volume before and 60 min after a fatty meal in 20 
control subjects and 20 patients with gallstones. Mean values + 1 SE are 
shown for pre- and postmeal values of gallbladder volume. Short broken 
lines and underlying numbers in parenthesis on right represent index 
values of x + 2 SD for normal. Inspection indicates that 12 of 20 patients 
with gallstones had an initial gallbladder volume above the normal range. 
Eleven of the patients exhibited a residual postprandial volume above the 
normal range. 
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measurements were made in duplicate, and the averaged values 
were used in the calculation. Changes in gallbladder volume after the 
fatty meal were analyzed as changes in absolute volume and also as 
percentage changes by using the premeal value as the index value. 
Fractional gallbladder emptying was then calculated by dividing the 
minimal postprandial volume by the initial preprandial volume x 100. 
For statistical analysis the data were evaluated by an analysis of 
variance and by the Student’s paired or unpaired t test. 


Results 
Control Subjects 


As a group, the 20 normal control subjects exhibited a 
fasting gallbladder volume of 28 + 12 ml (range, 11-51 ml). 
Minimal residual gallbladder volume 60 min after the meal 
was 1-27 ml (Fig. 1). After ingestion of Lipomul, the gallblad- 
der volume decreased significantly by 15 min, and the emp- 
tying became maximal at 45 or 60 min after the meal (Figs. 2 
and 3). In the 20 control subjects, maximal gallbladder emp- 
tying occurred at 45 or 60 min. In 12 subjects, the fractional 
gallbladder emptying was greater at 60 min than at 45 min. 
For the other eight subjects, gallbladder emptying in six was 
the same at 60 min as at 45 min. In two subjects, both with 
a small residual volume of 3 or 4 ml, gallbladder emptying 
was maximal at 45 min. At 60 min, mean gallbladder emptying 
was 67 + 3% (range, 47-91% ml) (Fig. 4). By 60 min after 
the fatty meal the absolute value for the decreases in gall- 
bladder volume averaged 18 + 7 ml (range 9-27 ml). During 
the 60 min after the meal, gallbladder emptying appeared 
nearly linear (Fig. 3) and had a slope of —0.3 + 0.1 ml/min. 
None of the measured variables of gallbladder volume or 
emptying rate showed any correlation with the age or gender 
of the subjects. 


Patients 


An initial analysis revealed that the five gallstone patients 
with nonspecific symptoms suggestive of gallstones and 15 


Fig. 2.—Example of gallbladder 
emptying in response to a fatty meal in 
healthy control subject. Longitudinal 
sonograms of gallbladder before (A) 
and 60 min after (B) fatty meal. Gall- 
bladder length indicated by electronic 
calipers. After the meal, the gallbladder 
exhibited a substantial decrease in vol- 
ume. 
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patients without symptoms of cholelithiasis did not differ 
significantly with respect to gender, age, initial gallbladder 
volume, or fractional gallbladder emptying. Consequently, 
these subgroups of patients with cholelithiasis were analyzed 
as one group. 

As a population, the 20 patients with cholelithiasis had a 
mean fasting gallbladder volume of 56 + 10 ml (range, 4-189 
ml) (Fig. 1). The fasting gallbladder volume in the patients was 
significantly greater than in controls (p < .05). Ten of the 
patients had a fasting gallbladder volume greater than 2 SD 
above the mean of normal (Fig. 1). In response to the fatty 
meal, the magnitude of absolute gallbladder emptying during 
a 60-min interval, 18 + 11 ml, was comparable to that of 
control subjects, 18 + 7 ml. Gallbladder emptying was maxi- 
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Fig. 3.—Pooled data for gallbladder volume during 60-min interval after 
fatty meal in 20 control subjects and 20 patients with gallstones. Data 
plotted as x + 1 SE. For each time period, the patient population exhibited 
a significantly greater gallbladder volume than the control subjects (P < 
.01). 


Fig. 5.—Example of gallbladder 
emptying in response to a fatty meal in 
patient with asymptomatic gallstones. 
Gallstones are seen as multiple echo- 
genic foci with posterior shadowing. 
Longitudinal sonograms of gallbladder 
before (A) and 60 min after (B) fatty 
meal. Some reverberation artifact is 
present. Gallbladder length indicated 
by electronic calipers. After the meal, 
the gallbladder exhibited only a mini- 
mal decrease in volume. 
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mal at 60 min. The rate of gallbladder emptying during the 
first 60 min after the Lipomul meal, —0.3 + 0.2 ml/min, was 
virtually identical to that of the control subjects, —0.29 + 0.1 
ml/min. Compared with the control subjects, however, the 
patients exhibited a significantly lower fractional emptying 
(Fig. 4) and greater residual volume (Figs. 1 and 5). As shown 
in Figure 4, fractional emptying in the patients at 60 min 
averaged 36% in the patients, compared with 67% in the 
control subjects (p < .05). Fourteen of the patients exhibited 
feeble postprandial gallbladder emptying of <44%, which was 
below the range of normal. Residual gallbladder volume in the 
patient group was significantly greater than that of the control 
group (p < .05). Eleven patients had residual postprandial 
gallbladder volumes above the range of normal (Fig. 1). 


Gallbladder 
Emptying 


(60 min) 





Controls Patients 
(n= 20) (n = 20) 


Fig. 4.—Fractional gallbladder emptying 60 min after a 
fatty meal in 20 healthy controls and 20 patients with gall- 
stones. Averaged values given as x + 1 SE. Broken line 
indicates index of x + 2 SD for normal. Fourteen of the 
patients exhibited fractional gallbladder emptying that was 
below the normal range. 
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Discussion 


Our aim in this study was to determine gallbladder volume 
during fasting and in response to a fatty meal in patients with 
uncomplicated gallstones and compare the results with those 
obtained from healthy control volunteers. The major study 
findings were that the gallbladder in a substantial subset of 
patients with gallstones exhibited (1) increased fasting vol- 
ume, (2) decreased fractional emptying in response to a fatty 
meal, and (3) increased postprandial residual volume. 

Three general methods are available for quantitating gall- 
bladder emptying in humans: cholecystography [11, 12], cho- 
lecystoscintigraphy [2, 13], and cholecystosonography [8- 
10]. We elected cholecystosonography because this method 
is simple to use and does not require any radiation. Accurate 
approximations of gallbladder volume are derived from the 
sonographic images using either the ellipsoid or sum-of-cyl- 
inders method for calculation [8, 10]. Two important advan- 
tages of the sonographic method over scintigraphy are that 
sonography (1) accurately discriminates the presence or ab- 
sence of gallstones and (2) determines fasting and residual 
postprandial gallbladder volume as well as fractional gallblad- 
der emptying. Although scintigraphy yields superb curves for 
gallbladder emptying, this method does not provide any infor- 
mation about gallbladder volume. 

During the past several decades, concepts about the de- 
velopment of gallstones have emphasized the contribution of 
“bad” bile that is supersaturated with cholesterol or has an 
abnormal ratio of cholesterol, bile acids, and phospholipid [14, 
15]. Findings from recent studies, however, suggest that 
abnormal micellar formation, initiated by the presence of nidus 
material, such as mucus, or gallbladder stasis may contribute 
to the pathogenesis of gallstones in some patients [16-18]. 
To test the latter possibility we evaluated fasting gallbladder 
volume and postprandial gallbladder emptying in patients with 
uncomplicated cholelithiasis. Most patients in our study had 
no biliary tract symptoms. None had any evidence of acute 
cholecystitis, biliary colic, or common-duct stones. 

To measure gallbladder emptying, we used a corn-oil fatty 
meal that has been tested as an effective method for inducing 
gallbladder emptying [10], The entry of fat into the duodenum 
and upper small bowel releases cholecystokinin from mucosal 
cells. Increased circulatory levels of cholecystokinin contract 
the gallbladder. The recent development of satisfactory im- 
munoassay for cholecystokinin shows that a close correlation 
exists between the concentration of serum cholecystokinin 
and gallbladder volume [19-21]. Current evidence suggests 
that cholecystokinin contracts the gallbladder indirectly by 
acting on cholinergic excitatory nerves, but may also have a 
direct effect on gallbladder smooth muscle [22-25]. In addi- 
tion, part of the immediate gallbladder contraction that occurs 
within a few minutes after the ingestion of a meal may be 
effected by neural reflexes independent of circulating chole- 
cystokinin. 

Compared with the control group, the patient group with 
gallstones exhibited greater resting gallbladder volume, less 
fractional emptying, and greater residual volume after a fatty 
meal. These findings all appear to stem from the larger initial 
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gallbladder in the patients because the magnitudes of abso- 
lute gallbladder emptying and gallbladder emptying rates were 
comparable in patient and control groups. The larger initial 
gallbladder volume in the patients, therefore, accounts for the 
larger residual gallbladder volume and smaller degree of frac- 
tional emptying. The overall findings were similar in patients 
with the incidental finding of cholelithiasis compared with 
patients examined for nonspecific symptoms, judged by their 
clinicians to be suggestive of cholelithiasis. Nonspecific symp- 
toms such as flatulence, bloating, and fatty-food intolerance, 
however, do not correlate with the presence or absence of 
gallstones. 

Although our results indicate that a substantial subgroup 
of patients with uncomplicated gallstones has increased basal 
gallbladder volume and diminished postprandial gallbladder 
emptying, two important questions are not answered by the 
design of our study. First, the precise pathophysiology re- 
sponsible for the abnormal gallbladder emptying shown in 
some patients was not established. In theory, diminished 
postprandial gallbladder emptying might be caused by (1) 
delayed gastric emptying, (2) impaired elaboration or release 
of cholecystokinin by intestinal mucosa, (3) impaired gallblad- 
der innervation, (4) abnormal gallbladder smooth muscle, or 
(5) fibrosis of the gallbladder wall [26, 27]. The impaired 
postprandial gallbladder emptying that occurs in some pa- 
tients with cholelithiasis may have a heterogeneous patho- 
genesis. Satisfactory clarification awaits further testing incor- 
porating assessment of gastric emptying, circulating levels of 
cholecystokinin, and the effects of endogenous cholecysto- 
kinin. 

A second critical unanswered question is whether the ab- 
normal gallbladder emptying in some patients with choleli- 
thiasis predates the gallstones and contributes to their devel- 
opment or is secondary to the presence of gallstones and 
possible inflammatory changes in the gallbladder. Several 
studies in animal models of gallstones, however, suggest that 
animals fed a lithogenic diet develop abnormal gallbladder 
motility before the development of gallstones [28-31]. The 
possibilities of a primary or secondary abnormality in gallblad- 
der motor function are not mutually exclusive. Resolution of 
this issue, however, will depend on comprehensive longitudi- 
nal studies that evaluate patients with gallbladder sludge 
without stones and incorporate correlation of preoperative 
assessment of gallbladder contractility with the histologic 
findings from operative specimens. 
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Guide to the Ultrasound Examination of the Abdomen. By M. Leon Skolnick. New York: Springer-Verlag, 240 
pp., 1986. $51 


There is considerable flexibility in the manner in which abdominal 
sonographic examination with real-time instrumentation is performed. 
The transducer can readily be moved anywhere on the abdomen, 
simultaneously or sequentially visualizing a variety of organs with a 
different delineation of the same structure. This flexibility, however, 
can easily cause the viewer to be disoriented or can conceal important 
diagnostic information. By proposing examination protocols based 
on the clinical questions asked and related to the anatomic area to 
be studied, this book can help the examiner overcome this problem. 
Furthermore, the book provides the examiner with a meaningful 
differential diagnosis of various sonographic findings. 

The book is divided into eight chapters, each dealing with a major 
abdominal organ or region or with a specific clinical problem. In 
addition, one chapter discusses fine-needle aspiration biopsy. Ob- 
stetrics is not included except for a brief discussion of early ectopic 
pregnancy, but the author promises a separate work on this topic. 


By providing frequent suggestions on how to improve the quality 
of the sonographic images and by making generous use of check 
marks that indicate “check. for or seek associated findings that may 
be present,” the reader is guided through the sonographic examina- 
tion. Line drawings, bold facing of key words, and a spacious layout 
of the text with generous use of indentations facilitate use of this 
interactive gamutlike approach to sonography. 

This book is meant for the physician who performs and directs 
sonographic examinations and should be available as a ready refer- 
ence source next to the examination table or view box. It can serve 
as a valuable addition to the standard textbooks on sonography. 


Peter F. Winter 
Lahey Clinic Medical Center 
Burlington, MA 01805 


Radiology of Bone Diseases. By George B. Greenfield. Philadelphia: Lippincott, 926 pp., 1986. $87.50 


The author covers the entire spectrum of the radiology of bone 
disease in one volume. This makes for economy, an important issue 
to some prospective purchasers. The primary emphasis is on roent- 
gen features of bone disease, but the presentation is multidisciplinary 
and includes many physiologic, clinical, and laboratory findings. Many 
exhaustive lists of differential diagnoses and algorithms are offered 
for imaging workups. Thus, an enormous amount of information is 
presented in a concise form. 

The organization differs from the conventional arrangement in that 
radiographic discussions and descriptions are grouped by predomi- 
nant roentgen features rather than by disease entities. Examples of 
such headings are “Loss of Bone Density,” “Alteration of Bone 


Texture,” “Cardinal Roentgen Features.” This organization does not 
make the book easier to use as compared with a book arranged in 
the usual disease-oriented format. 

The text could be useful as a reference, but since it is difficult to 
read it cannot be recommended for a primary learning experience in 
radiclogy of bone disease. 

The 1267 illustrations are small, and some of them do not clearly 


show what is described in the legend. 


Adele K. Friedman 
University of Pennsylvania 
Philadelphia, PA 19104 


881 


Case Report 





Torsion of the Gallbladder: Findings on CT and Sonography 
and Role of Percutaneous Cholecystostomy 


Stephen F. Quinn,''* Frank Fazzio,? and Everett Jones* 


Torsion or volvulus of the gallbladder was first described in 
1898 by Wendell [1]; subsequently, approximately 300 cases 
have been reported [2]. Some authors believe that the inci- 
dence is increasing, possibly as a result of a longer life 
expectancy [3]. 

Most reports in the literature have been from a surgical 
perspective and have included radiographic findings superfi- 
cially, if at all. We present the radiographic findings of gall- 


Fig. 1.—Case 1: Torsion of gallbladder with 
acute gangrenous cholecystitis. 

A, CT shows thickened distended gallbladder. 

B, Transverse sonogram shows marked thick- 
ening of gallbladder wall (cursors). At surgery, 
gallbladder torsion and gangrenous cholecystitis 
were present. 


A 
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bladder torsion in two cases, one of which was treated by 
percutaneous drainage. 


Case Reports 
Case 7 


An 87-year-old woman had had abdominal pain, nausea, vomiting, 
and increasing abdominal distension over the previous 24 hr. Her 
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temperature was 99.2°F (17.8°C). Except for mild leukocytosis, the 
laboratory findings were unremarkable. The sonogram and CT 
showed a markedly thickened gallbladder wall with gross distension 
(Fig. 1). At surgery, acute gangrenous cholecystitis with torsion of 
the gallbladder was found. The gallbladder was rotated 360° on a 
mobile mesentery. A cholecystectomy was performed, and the patient 
recovered without incident. 


Case 2 


A 79-year-old woman had had abdominal pain, distension, nausea, 
and vomiting for 4 days. She was dehydrated and had leukocytosis 
and body temperature up to 103°F (39.4°C). CT showed a thickened, 
distended gallbladder (Fig. 2). The patient was considered a poor 
surgical risk because of electrolyte imbalance, dehydration, hypoten- 
sion, and suspected sepsis. Consequently, a percutaneous cholecys- 
tostomy was performed by using a lateral subhepatic approach; an 
8-French Sack's catheter (Electro-Cath Corp., Rahway, NJ) was 
inserted by means of a trocar in tandem with a 22-gauge needle. A 
subsequent tube injection showed opacification of the gallbladder 
without filling of the cystic duct (Fig. 2). The aspirated fluid was thick, 
dark, and had a foul odor. Gram stain showed multiple gram-negative 
rods. IV fluids and antibiotics were given. The patient became afebrile, 
and her pain decreased. A cholecystectomy was performed 48 hr 
later. The proximal two-thirds of the gallbladder was twisted on its 
mesentery, and evidence of acute gangrenous and hemorrhagic 
cholecystitis was present. The patient recovered without incident. 


Discussion 


Torsion of the gallbladder occurs at all ages, but the inci- 
dence is higher in the elderly. The female-to-male ratio is 3:1 
[2-6]. The clinical presentation includes right upper quadrant 
pain, nausea, and vomiting. Presence of a fever is variable, 
leukocytosis is a frequent finding, and a palpable right upper 
quadrant mass is present in one-third of cases [2]. The 
treatment is immediate cholecystectomy. When the surgery 
is done promptly, the mortality rate is 3-5% [2]. 

The cause of gallbladder torsion is uncertain. A gallbladder 
mesentery that becomes lengthened in old age, a “free- 
floating” gallbladder attached only by a pedicle, a mobile 
gallbladder fundus, vigorous bowel peristalsis, gallstones, 
atherosclerosis of the cystic artery, and kyphosis of the spine 
all have been implicated as either predisposing or contributing 
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Fig. 2.—Case 2: Gallbladder tor- 
sion with gangrenous cholecystitis. 

A, CT shows distended gallblad- 
der with a thickened wall. 

B, Percutaneous _ cholecysto- 
gram shows opacification of gall- 
bladder without extravasation or 
visualization of cystic duct. Opaci- 
ficaton of right renal pelvis is evi- 
dent. 


factors [2-6]. 

Pathologically, the twisted gallbladder has an edematous, 
thickened wall due to edema and hemorrhage. Foci of gan- 
grene may be present. Cholelithiasis is unusual. An elongated 
mesenteric attachment to the gallbladder usually is seen 
[2-5]. 

A case report by Wellsted et al. [6] described the sono- 
graphic features of gallbladder torsion as being gross thick- 
ening of the wall, a spherical, distended gallbladder, and 
absence of calculi. In the two cases described here, CT and 
sonography showed thickening of the wall and distension. 
This appearance is nonspecific for gallbladder torsion; acute 
cholecystitis creates the same abnormalities. 

Because immediate surgery was a high-risk procedure for 
one patient, a percutaneous cholecystostomy was performed 
before surgery. Although the use of percutaneous cholecys- 
tostomy [7, 8] has been reported for other purposes, we are 
not aware of reports of its use in the management of gallblad- 
der torsion. A subhepatic approach and trocar technique were 
selected because of presumed gallbladder immobility from 
inflammatory changes. Routine use of percutaneous chole- 
cystostomy for detorsion of a nongangrenous gallbladder is 
unlikely because the diagnosis seldom is made preoperatively 
[2-6]. 
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Penile Magnification 
Pharmacoarteriography: 
Details of Intrapenile Arterial Anatomy 





To establish a base of normality against which state-of-the-art penile arteriograms 
can be assessed, we analyzed selective magnification penile pharmacoarteriograms 
from 23 men who were not believed to have arteriogenic impotence. The penile arteries 
showed no evidence of acquired obstructive disease, and all individuals had had normal 
sexual function in the recent past. The vascular patterns were highly variable and 
frequently differed from classic descriptions found in textbooks of anatomy. Normal 
variations that could be easily confused with arterial obstruction were (1) unilateral 
origin of all cavernosal branches, (2) unilateral hypoplasia of a dorsal penile artery, and 
(3) aberrant origin of bulbar or cavernosal arteries. Multiple potential collateral routes 
were shown, including transverse collaterals at the root of the penis and communications 
between cavernosal and dorsal penile arteries. 

Appreciation of the type and frequency of anatomic variants and potential collateral 
routes is important in correctly interpreting penile angiograms and in evaluating the 
hemodynamic significance of suspected stenoses. 


Our previous article indicated the value of vasodilators, selective pudenda! 
injections, and magnification techniques in overcoming the major limitations of 
conventional penile arteriography [1]. These refined arteriographic techniques show 
the penile vasculature with unprecedented clarity and establish arteriography as a 
reliable method in the investigation of arteriogenic impotence. During the application 
of these methods, we have observed numerous anatomic variants, previously 
undescribed arteries, and new potential collateral pathways. These observations 
require a redefinition of the normal penile vascular anatomy. 


Materials and Methods 


From 70 men studied for impotence, 23 high-quality selective pharmacoarteriograms were 
analyzed in which no evidence of acquired obstructive arterial disease was found. Each of 
these patients had originally been potent and had had partial or complete impotence only in 
recent months or years. In most cases, subsequent studies of the corpora cavernosa 
suggested that venoocclusive insufficiency was the cause of the impotence. 

Good arteriographic visualization of penile arteries is dependent on proper arteriographic 
technique, which has been described in detail elsewhere [1]. The arteriographic examination 
is performed on an outpatient basis, usually under sedation with diazepam (Hoffman-La 
Roche, Nutley, NJ). Through a 5-French pigtail catheter percutaneously inserted into the right 
femoral artery, a survey bifurcation aortogram is obtained that also serves as a road map for 
selective catheterization. The catheter is exchanged for one with high-torque characteristics 
and a specially designed 10- or 20-cm reversed curve (Cook, Inc., Bloomington, IN). The 
curve is reformed within the aorta with the aid of a deflector wire. The catheter tip is then 
sequentially withdrawn into the right internal iliac artery, the anterior division, and one of the 
three major branches of the anterior division (the obturator, the inferior gluteal, and the 
pudendal arteries). Anatomic variations are numerous [2], and the pudendal artery must be 
found through trial and error. When correctly engaged, the internal pudendal artery is identified 
by its characteristic course across the middle of the obturator foramen with the patient in the 
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contralateral oblique projection. With experience, we now can cath- 
eterize the internal pudendal artery in about 95% of cases. 

Injection of vasodilator drugs is essential to overcome vasocon- 
striction of small and medium-size arteries. Intrapudendal arterial 
injection of 150-200 „g of nitroglycerin mixed with 30 mg of papav- 
erine (diluted in 10 mi of isotonic saline) is consistently effective. This 
is infused over about 30 sec, beginning about 1 min before the onset 
of arteriography. intracavernosal injection of 60 mg of papaverine is 
an effective alternative to intraarterial injection of vasodilators, espe- 
cially if selective catheterization of the pudendal artery is not possible. 

Low-osmolar high-concentration contrast agents (iopamidol-370) 
in doses of 36 ml in 6 sec are used routinely to reduce the discomfort 
of pudendal injection. Filming is in the contralateral 30° posterior 
oblique projection at the rate of two films/sec for 3 sec, one film/sec 
for 6 sec, and one additional film after another 3 sec. 

Direct 2-3x magnification technique is necessary for adequate 
visualization of intrapenile arteries. Centering is over the lower aspect 
of the symphysis pubis because most Clinically significant disease 
involves vessels near the root of the penis. 


Results 


From descriptions found in anatomic texts [3, 4], we con- 
sidered the following to represent the classic angiographic 
pattern: bilateral symmetry, with a single pudendal artery on 
each side giving rise to one dorsal penile, one cavernosal, 
and one bulbar artery. Also usually opacified and considered 
as. within the limits of “classic” are transverse root collaterals, 
a single spongiosal artery, and perforators between the dorsal 
penile and the cavernosal arteries (Fig. 1). This pattern was 
evident angiographically in only four cases (18%). Variants 
are listed in Table 1. 

The artery to the bulb of the corpus spongiosum was 
usually about the diameter of the dorsal penile artery (that is, 
=1-1.5 mm) and characteristically arched cephalad to the 
dorsal penile artery before descending into the region of the 
bulb. The vessel then abruptly divided into multiple tortuous 
branches that were soon obscured by the dense bulbar stain. 
Occasionally the artery to the bulb did not show the usual 
cephalic arch. The spongiosal artery, diameter about 0.3 mm 
on the magnified image, could be seen on the best studies 
coursing distally from the bulb. The distal portions of the 
corpus spongiosum stained less intensely than the proximal 
portions (Fig. 2). 

In three patients, a urethral artery was seen, possibly arising 
from the cavernosal or bulbar arteries (Fig. 2). An accessory 
spongiosal artery was also suspected in three cases. In three 
patients, perforators descended from the corpus cavernosum 
to form a confluent arcade along the corpus spongiosum 
(Fig. 3). 

The dorsal penile artery arose from the penile artery be- 
tween the origin of the scrotal branches and the body of the 
pubis, as projected in the 30° contralateral posterior projec- 
tion. It then passed relatively horizontally, curved gently ceph- 
alad near the root of the penis; and continued as a tortuous 
artery into the glans. Depending on the amount of rotation of 
the penis as it lay over the contralateral thigh, the dorsal 


penile artery could be projected above (Fig. 2) or below (Fig. 
4) the cavernosal branches. The course of the dorsal penile 
artery was sometimes relatively straight and in ‘other cases 
remarkably tortuous, probably depending on the turgor and 
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2. internal Pudendal 

3. Penile 

4. Bulb of Corpus Spongiosum 

5$. Transverse Root Communicator 
6. Deep Penile 

7. Dorsal Penile 

8. Spongiosal 

9. External Pudendat 
iG, Cutaneous 















Fig. 1.—Diagram of penile arterial anatomy as shown by selective 
magnification pharmacoarteriography of right internal pudendal artery in 
30° left posterior oblique projection. All arteries are not visible in all cases. 
Curved arrow indicates location of catheter tip. Deep penile artery (6) is 
synonymous with cavernosal artery. Multiple small branches arising per- 
pendicularly from this artery (unlabeled) are helicine arteries. 


TABLE 1: Anatomic or Functional Variants from Classic 
Arteriographic Pattern in 23 Normal Magnification Selective 
Penile Arteriograms 





Variant No. (%) 
Dorsal penile-cavernosal perforators 21 (91) 
Hypoplasia in one dorsal penile artery 3 (13) 
One penile artery supplying both dorsal penile ar- 
teries 2 (9) 
External pudendal-deep dorsal penile anastomo- 
sis 2 (9) 
Accessory cavernosal branches, one or both 
sides 13 (57) 
Bilateral cavernosals from one main cavernosal 
artery 3 (13) 
Bilateral absence of main cavernosal arteries 1 (4) 
Transverse root communicators 21 (91) 
Accessory spongiosal artery from cavernosa! per- 
forators l 3 (13) 
Visualized urethral artery 3 (13) 
Aberrant origin of bulbar or cavernosal artery 2 (9) 
Transient collateral flow from selective injections: 
Via coronal arcade between dorsal penile arter- 
ies 5 (22) 
Via cutaneous branches between dorsal penile 
arteries 2 (9) 
Via cavernosal to dorsal penile artery 1 (4) 





Note.—Classic arteriographic patterns are described in the Results section. 


length of the penis. In all but two cases, at least one large 
perforator artery was visible conducting flow from the dorsal 
penile to the cavernosal arteries. 

A prominent coronal arcade was present in five patients 
(Fig. 3). Because of pressure changes induced by the unilat- 
eral selective overinjection, transient retrograde flow via the 
coronal arcade was induced in the contralateral dorsal penile 
artery, suggesting proximal obstruction of the dorsal penile 
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A 


Fig. 2.—Classic arterial anatomy at root of penis. 

A, Magnification pharmacoarteriogram 1 sec after onset of left pudendal 
artery injection, right posterior oblique projection. Penile artery (arrow- 
head) represents continuation of pudendal artery after it gives rise to 
scrotal branches (curved open arrow). Two major branches of penile artery 
are dorsal penile (straight solid arrows) and cavernosal (straight open 
arrow). Dorsal penile artery courses cephalad near root of penis (area 
projected over ischial ramus), while cavernosal artery takes short caudal 
turn (just behind pubic ramus). Artery to bulb (curved solid arrow) passes 
above and then below other major penile branches and then divides into 


Fig. 3.—Large perforating caver- 
nosal branch and prominent coronal 
collateral pathway (magnification arte- 
riogram, right pudendal injection, left 
posterior oblique projection). 

A, Bulbar (solid straight arrow), 
small cavernosal (open arrow), and 
dorsal penile (curved arrow) arteries 
are seen. There is a large perforator to 
corpus cavernosum (wavy arrow). (For 
scale, catheter next to penis is 1.67 mm 
in outer diameter and is magnified to 
same degree as penis.) 

B, Dorsal penile artery reaches glans 
and communicates with contralateral 
dorsal penile artery via coronal arcade 
(solid arrow). Multiple small cavernosal 
branches arise perpendicular to major 
cavernosal trunk. These branches are 
probably helicine arteries, visualization 
of which may help differentiate dorsal 
penile from cavernosal artery. Note for- 
mation of tiny spongiosal artery from 
small cavernosal perforators and from 
coronal arcade (open arrows). On later 
films (not shown), orthograde (ante- 
grade) flow resumed in dorsal penile 
artery. (See text.) 


multiple tortuous branches to bulb of corpus spongiosum. Tiny spongiosal 
artery (better seen on B) continues forward from bulb. Urethral artery is 
also seen (wavy arrow). 

B, 2 sec later. Contrast material has reached glans via dorsal penile 
artery (straight arrow) (same series as A, but photographically reduced). 
Multiple long cavernosal branches are opacified (arrowhead), a common 
variant. Spongiosal and urethral arteries are evident almost to glans (wavy 
arrow). Dense stain near base of penis is in bulb of corpus spongiosum 
(open arrow). 
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Fig. 4.—Accessory pudendal artery, opacified after selective left inter- 
nal pudendal arteriography (right posterior oblique projection). Selective 
nonmagnified pudendal arteriogram shows termination of internal puden- 
dal artery as dorsal penile artery (solid arrows). Accessory ipsilateral 
pudendal artery (arrowhead), opacified via inosculations, supplies artery 
to bulb and several arteries to corpus cavernosum (open arrow). Anatomy 
on contralateral side was similar. Note that rotation of penis causes dorsal 
penile artery to be projected below cavernosal branches. Proximity of 
dorsal penile artery to periphery of penile shaft, plus its passage as far as 
glans, allows easy differentiation from cavernosal branches. 





Fig. 6.—Hypoplastic left dorsal penile artery (magnified left pudendal 
injection, right posterior oblique projection). Penile artery terminates in 
large cavernosal artery that supplies three ipsilateral cavernosal branches 
(open arrows). Small bulbar (large arrowhead), hypoplastic dorsal penile 
(straight closed arrow), and spongiosal arteries (wavy arrow) are also 
visible. This 60-year-old man had had normal sexual function until recently. 
Contralateral side was normal, and hypoplastic dorsal penile artery was 
apparently of no clinical significance. 


artery. However, orthograde flow could be observed to return 
on late arteriograms after termination of the injection, elimi- 
nating the suspicion of proximal contralateral dorsal penile 
obstruction. 

The cavernosal artery arose from the penile artery at a 
variable distance beyond the origin of the scrotal branches 
and coursed distally just caudal and parallel to the dorsal 
penile artery (Figs. 2, 5, and 6). As the cavernosal artery 
entered the root of the penis, it usually took an abrupt short 
caudal curve, as opposed to the cephalad curve usually taken 
in this region by the dorsal penile artery (Figs. 2 and 5). 
Usually the cavernosal artery continued as one or two longi- 
tudinal branches (Figs. 1 and 2). Occasionally the main cav- 
ernosal artery was absent unilaterally (Fig. 7). 


Fig. 5.—Transverse root communicator (magnified right pudendal injec- 
tion, left posterior oblique projection). Bulbar (curved open arrow), dorsal 
penile (straight solid arrow), and cavernosal (straight open arrow) arteries 
are seen. Opacified contralateral pudendal artery (curved solid arrow) 
seems to have been opacified via communications from cavernosal arter- 
ies. Transverse root communicators were present in 90% of cases. 


The cavernosal artery showed great variability in its intra- 
penile distribution. Numerous tiny (~0.2 mm in diameter) 
perpendicular branches were sometimes seen, representing 
the helicine arteries (Figs. 1 and 3). In other cases, only larger 
longitudinal cavernosal branches were visible. Sometimes a 
single artery traversed the entire length of the penis. Occa- 
sionally the cavernosal artery consisted of multiple short, 
rapidly tapering segments, periodically reformed via perfora- 
tors from the dorsal penile artery (somewhat similar to the 
pattern of Fig. 3). The cavernosal branches varied in course 
from relatively straight to extremely tortuous, often in keeping 
with the degree of tortuosity of the dorsal penile artery. 

The corpus Cavernosum stained to varying degrees during 
the parenchymal phase, although only rarely to the same 
degree as the bulb. The cavernosal arteries were always 
projected within the area of stain; branches projecting beyond 
the stain were assumed not to be cavernosal arteries. 

Transverse collateral pathways near the root of the penis 
were observed in almost all cases. The major pathway 
seemed to be between bulbar or cavernosal arteries, but in 
many cases it was impossible to precisely define the origin or 
termination of the arcade(s). These pathways became obvious 
only after vasodilation and unilateral selective injection. The 
arcade proved useful angiographically, frequently enabling 
visualization of the contralateral cavernosal or dorsal penile 
artery by means of a unilateral injection. 


Discussion 


As classically described in anatomic texts [3, 4], each penile 
artery gives rise to a dorsal penile artery, a cavernosai artery, 
an artery to the bulb of the corpus spongiosum, and a urethral 
artery. The dorsal artery terminates in the glans, en route 
supplying branches to the skin and perforator branches to 
the corpus cavernosum. The spongiosal artery continues 
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Fig. 7.—Left unilateral origin of all cavernosal arteries. Note cutaneous branches of dorsal penile and prominent coronal arcade after right pudendal 
injection. 

A, Magnified right pudendal arteriogram, left posterior oblique projection. Note artery to bulb (curved arrow) and dorsal penile artery (straight arrow). 
There is no cavernosal artery on this side. 

B, Radiograph exposed 2 sec later shows numerous cutaneous branches of dorsal penile artery (wavy arrow), but no flow into cavernosal branches. 
Lack of collateral flow to cavernosal branches suggests that cavernosals are not occluded, but rather arise from nonopacified source. Flow has occurred 
in retrograde fashion to external pudendal artery (arrowhead) via one of the cutaneous branches. Despite absence of cavernosal artery arising from right 
penile artery, there is opacification of contralateral pudendal artery via transverse root collaterals (black arrow), indicating transverse collateral pathways 
not involving cavernosal artery. 

C, Magnification selective left pudendal arteriography, right posterior oblique projection. Three or four cavernosal arteries arise from penile artery 
(arrowhead). Bulbar artery is also present (curved arrow). Hypoplastic dorsal penile artery is barely visible (straight arrow). 

D, Radiograph exposed 9 sec later shows unusually intense stain of corpus cavernosum (wide arrowhead) and corpus spongiosum (narrow arrowhead). 


Dense spongiosal stain is common. 


forward from the bulbar vessels, anastomosing with the small 
urethral artery (Fig. 2). In their classic angiographic mono- 
graph, Ginestie and Romieu [5] demonstrated a much more 
variable branching pattern. Despite the lack of refinements 
such as low-osmolar contrast agents, improved instrumen- 
tation for selective internal pudendal catheterization, direct 
vasodilation, and direct magnification, these authors were 
able to recognize many variations in the distribution of the 
dorsal penile and cavernosal arteries. 

Our studies reconfirm the marked variability reported by 
Ginestie and Romieu [5]. Patterns approaching the classic 
description given in anatomic textbooks were found in a 
minority of cases. The major additional features or variants 
observed in our series are shown in Table 1. 


Differentiation of the cavernosal from the dorsal penile 
artery is of clinical importance. For example, bypass surgery 
can be performed into a distally patent dorsal penile artery, 
but not yet into a cavernosal artery [6]. These two vessels 
may sometimes be confused, although differentiation should 
almost always be possible angiographically by the following 
nine observations. (1) Dorsal penile arteries curve cephalad 
at the penile root and cavernosal arteries curve caudad. (2) 
The dorsal penile artery is usually slightiy cephalad of the 
cavernosal as it enters the penis. (3) The dorsal penile arten 
or its branches can occupy or approach the periphery of the 
penis, while cavernosal arteries or branches are more central 
and cannot be projected at the periphery. (4) The dorsal penile 
artery perfuses the glans. (5) The dorsal penile arteries may 
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communicate behind the glans. (6) The cavernosal artery 
gives rise to many more intrapenile branches (the helicine 
arteries) than does the dorsal penile. (7) If the corpora caver- 
nosa stain with contrast material, branches outside areas of 
stain are probably not cavernosal. (8) Cavernosal arteries may 
taper more rapidly than dorsal penile arteries. (9) Cavernosal 
arteries are often interrupted several times as they traverse 
the long axis of the penis, whereas the dorsal penile artery is 
usually continuous. 

The intrapenile arterial communications described above 
define five potential collateral routes that often assume func- 
tional importance in patients with intrapenile obstructive dis- 
ease: (1) from one side to the other (cavernosal artery- 
cavernosal artery via transverse communicators at the penile 
root, dorsal penile artery—dorsal penile artery via coronal 
branches, and dorsal penile artery—dorsal penile artery via 
cutaneous branches); (2) dorsal penile artery—cavernosal ar- 
tery via perforators; (3) cavernosal artery—dorsal penile artery 
via perforators; (4) cavernosal artery-ipsilateral cavernosal 
artery via bridging small cavernosal branches; and (5) external 
pudendal artery—dorsal penile artery. 

The angiographer must be aware of the presence and 
significance of these potential collateral pathways. For ex- 
ample, flow is often induced through potential collateral path- 
ways during selective injections, raising the question of ob- 
struction in the recipient arterial system. However, by observ- 
ing reappearance of the correct direction of flow (orthograde 
flow) after the injection of contrast agent has terminated, 
misinterpretation of obstruction can be avoided (Figs. 3 and 
7). Should orthograde flow fail to reappear, opacification of 
these collateral pathways suggests the possibility of a hemo- 
dynamically significant obstruction of the recipient vascular 
bed. 
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The presence of cavernosal perforators from the dorsal 
penile artery should be considered in planning bypass surgery. 
Bypass grafts into the dorsal penile artery should spare the 
area of origin of a perforator. If the proximal dorsal penile 
artery is occluded, a bypass graft into the dorsal penile artery 
can conduct blood effectively into the corpus cavernosum 
only if the poststenotic perforators are sufficient in size and 
number. 

Failure to image collateral circulation may be as important 
as its identification. For example, complete failure to identify 
a Cavernosal artery on one side, either by direct or collateral 
flow, suggests the presence of a variant origin and not an 
organic occlusion (Fig. 7). The rationale is that, were the 
artery truly obstructed, it would have been imaged by collat- 
eral flow. Presumably, the artery in these cases arises from 
some as yet noninjected source. This is most likely the 
contralateral pudendal artery, but it may also be an accessory 
pudendal artery, an obturator branch, or some other variant 
branch. 
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°°™Tc-Glucoheptonate for 
Quantitation of Differential 
Renal Function 





Differential renal function was calculated by using **"Tc-glucoheptonate (Tc-GH) in 
51 patients. Computer-acquired background-corrected individual renal function was 
calculated by using both the 1-3-min uptake counts and the 2-4-hr delayed static 
counts. The degree of correlation between the two was high (r = .96). An equally high 
correlation was noted in 16 children who were 12 years old or younger, in 15 patients 
with renal size disparity greater than 60/40%, and in six patients with abnormal creatinine 
clearances. Ten patients had a 30-min dynamic *"Tc-DTPA study followed immediately 
by the injection of Tc-GH and acquisition of delayed static images 2-4 hr later. A high 
degree of correlation (r = .99) was seen between the 1-3-min differential function 
obtained by using Tc-DTPA and the 2-4-hr delayed differential function obtained by 
using Tc-GH. 

This study shows that Tc-GH is a clinically useful and valid tool for calculation of 
differential renal function and that Tc-GH combines many of the best aspects of Tc- 
DTPA and Tc-DMSA. 


Several radiopharmaceuticals are useful for quantitation of differential renal 
function, including '*"l-ortho-iodohippurate (I-131 Hippuran), °°"Tc-diethylenetria- 
mine pentacetic acid (Tc-DTPA), and *°"Tc-dimerocaptosuccinic acid (Tc-DMSA) 
[1-3]. Although accurate and validated by means of effective renal plasma flow 
(ERPF) [4], l-131 Hippuran studies lack good image resolution and result in a high 
radiation absorbed dose to the kidneys if the patient has renal insufficiency or 
urinary obstruction [5]. Tc-DTPA is a widely used renal radiopharmaceutical be- 
cause of its excellent imaging characteristics, rapid uptake and clearance, and low 
radiation absorbed dose. The 1-3-min differential function determined by using Tc- 
DTPA correlates well with iodothalamate clearance and glomerular filtration rate 
[2, 6]. However, because it is a glomerular agent, it does not produce good cortical 
images. Tc-DMSA, which binds to the renal cortex, increasingly is used because 
of its excellent cortical imaging characteristics [7] and generally good correlation 
with ERPF [8, 9]. However, the measurements of individual renal function may be 
in error if the patient has renal insufficiency [8, 10] or obstruction [11-14]. 
Acquisition of information on blood flow and dynamics of renal uptake and clearance 
and visualization of the collecting system are not possible with the amount usually 
administered (5 mCi). 

*°™T ¢-glucoheptonate (Tc-GH), which is both a glomerular and a tubular agent, 
offers the potential advantages of both Tc-DTPA and Tc-DMSA. In addition to 
being a cortical tubular binding agent, Tc-GH has many of the advantages of Tc- 
DTPA, including good blood-flow images, good visualization of the collecting 
system, and low radiation absorbed dose to the kidney. Although its excellent 
imaging characteristics have been described [15, 16], the medical literature contains 
little data to substantiate the usefulness of Tc-GH in the calculation of differential 
renal function. This study was designed to evaluate the efficacy of Tc-GH for the 
calculation of differential function. 
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Materials and Methods 


Tc-GH renography was performed on 54 patients. Their age range 
was 7 months to 71 years (mean, 34 years). Six were 7-12 years 
old, and 12 others were younger than 6 years. The various diagnoses 
included reflux (eight); calculus (10); hypertension (11); recurrent 
urinary tract infection (eight); chronic pyelonephritis (two); hematuria 
(four); renal insufficiency (five); metastatic ovarian, cervical, or colon 
carcinoma (five); renal infarction (two); and proteinuria (one). 

Serum creatinine levels were available on 26 patients. Eight had 
abnormally elevated levels. Six had levels =1.4 mg/dl: 1.5 (age, 9 
years), 2.6, 4.0 (age, 3 years), 5.2, 9.1 (age, 12 years), and 14.7 mg/ 
dl. Two children had levels that were less than 1.5 mg/dl but clearly 
elevated for the children's ages and body surface areas: 0.7 mg/dl 
(age, 1 year) and 0.9 mg/dl (age, 2 years). 

A large-field-of-view camera with a low-energy, parallel-hole colli- 
mator interfaced with a nuclear medicine computer was used for 
dynamic acquisition. Tc-GH was injected intravenously at a standard 
dose of 15 mCi. The dose was adjusted down for children on the 
basis of age (Webster's rule) or weight [17]. One-second frames 
were acquired on the computer for 60 sec, and then 30-sec frames 
for 30 min. Formatter hard-copy acquisition was set for 2-sec intervals 
for 30 sec, followed by an immediate 500,000-count image and then 
subsequent images every 5 min for 30 min for equal time (Fig. 1). A 
postvoiding image usually was obtained in patients without catheters. 
A regular-field-of-view gamma camera and computer were used to 
acquire 2—4-hr delayed images in the posterior, right posterior oblique, 
and left posterior obique projections. A parallel-hole collimator was 
used for adults (500,000 counts), and a pinhole collimator was used 
for children (200,000 counts) (Fig. 2). 

Differential renal function was calculated by drawing kidney regions 
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Fig. 1.—A, 2-sec flow images of a 10-year-old girl with 
a history of bilateral reflux show prompt perfusion of both 
kidneys. 

B, Selected sequential 5-min dynamic images show 
prompt uptake of tracer and clearance bilaterally although 
right renal pelvis and ureter appear prominent compared 
with left. Postvoiding imaging confirms absence of ob- 
struction. This patient’s delayed cortical images are 
shown in Fig. 2A. 


of interest on the computer for both the 1-3-min uptake counts and 
the delayed 2-4-hr posterior static images. For both calculations, 
representative background regions of interest were drawn inferiorly- 
laterally to each kidney, normalized for the number of pixels in the 
corresponding kidney region, and subtracted to correct for back- 
ground (see Fig. 3). The relative function was determined by dividing 
the background-corrected counts in each kidney by the total back- 
ground-corrected counts for both kidneys and then multiplying the 
result by 100. 

To substantiate the accuracy of using Tc-GH for calculation of 
differential function, the results were compared with those obtained 
with Tc-DTPA, an accepted and fully validated radiopharmaceutical 
for this purpose [2, 6]. Ten patients first received Tc-DTPA and were 
imaged according to the protocol described. At the end of the 30-min 
dynamic study, Tc-GH was administered, and delayed static images 
were obtained 2-4 hr later. The 1—3-min differential function obtained 
by using Tc-DTPA was then compared to the 2—4-hr delayed function 
obtained by using Tc-GH. The age range of these 10 patients was 8 
months to 74 years (mean, 48 years). The various diagnoses included 
hypertension (two), calculus (two), cervical carcinoma (two), renal 
cysts (one), recurrent urinary tract infections (one), proteinuria (one), 
and postureteral implantation (one). Recent determinations of serum 
creatinine levels were available for five patients; all were in the normal 
range. Only one patient had clinical evidence of obstruction before 
this study; this patient with bilateral obstruction is described in the 
results. 


Results 


Tc-GH was used to determine both 1-3-min and 2-4-hr 
differential function in 51 of 54 patients. Differential function 
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Fig. 2.—Representative 2-4 hr delayed cortical images 
for three patients. Posterior, right posterior oblique, and 
left posterior oblique projections are shown from left to 
right. 

A, Normal pinhole images of patient described in Fig. 
1 show no evidence of scarring. 

B, Cortical image from a 44-year-old man being evalu- 
ated for severe hypertension shows an infarct in inferior 
pole of left kidney. 

C, Left posterior oblique projection shows three distinct 
focal defects within cortex of left kidney. Sonographic 
findings confirmed three large intrarenal cysts. 





Fig. 3.—Differential renal function was calculated by drawing kidney 
regions of interest for both posterior 1-3-min uptake counts on dynamic 
study and 2-4-hr delayed static images (this example). Representative 
regions of interest were drawn inferiorly-laterally to each kidney to correct 
for background (see Materials and Methods). In this case, differential 
function was 48% on the left (L) and 52% on the right (R). 


could not be calculated for three patients. In one patient, one 
kidney could not be visualized because of complete obstruc- 
tion. In another, neither kidney could be visualized on delayed 
images because of renal failure. In the third patient, reliable 
renal regions of interest could not be drawn for one kidney 
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because of overlap of free °°" Tc-pertechnetate in the stomach 
and small bowel. However, reliable calculations of 1-3 min 
differential function were obtained for both of these last two 
patients. 

A high degree of correlation (r = .96) was noted between 
the 1-3-min and 2-4-hr calculations of differential function 
determined by using Tc-GH (Fig. 4). If two patients with 
obstruction (one unilateral and another bilateral) were ex- 
cluded, the correlation coefficient was .98. Essentially the 
same correlation (r = .99) was noted in 16 children <12 years 
old for whom a pinhole collimator was used to obtain delayed 
images and in 15 patients with renal size disparity greater 
than 60/40%. In six patients without obstruction who had 
elevated levels of serum creatinine (=1.4 mg/dl), the correla- 
tion was equally high (r = .98). 

In the 10 patients who received both Tc-DTPA for the 30- 
min dynamic study and then Tc-GH for the delayed static 
cortical images, the degree of correlation between the Tc- 
DTPA 1-3-min and the Tc-GH 2-4-hr differential functions 
was high (r = .99) (Fig. 4). 

Three patients had had a recent Tc-DTPA renal study, and 
one had had a Tc-DMSA study. Calculations of differential 
renal function in these studies were essentially identical to 
those obtained in our studies. Furosemide (Lasix) was used 
successfully to rule out obstruction in four patients who had 
tracer retention in the collecting system at 30 min. Tc-GH 
cortical images were usually of very good quality (see Fig. 2). 
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Fig. 4.—Top, Graph shows a high degree of correlation (r = .96) between 
1-3-min and 2-4-hr differential function determined by using *"Tc-gluco- 
heptonate for all 51 patients. 

Bottom, Graph shows high correlation (r = .99) for 10 patients who had 
1-3-min differential function calculated by using *"Tc-DTPA and 2-4-hr 
differential function calculated by using **"Tc-glucoheptonate. 


Discussion 


Tc-GH offers advantages of both Tc-DTPA and Tc-DMSA. 
In addition to information on renal perfusion, dynamic renal 
uptake and clearance, and good visualization of the collecting 
system, good cortical images can be obtained [15, 16]. Some 
authors have assumed that Tc-DMSA is the best cortical 
imaging agent because 30-50% of the administered tracer is 
bound to the cortical tubules [7, 8, 18], in contrast to 10- 
22% of Tc-GH [18-20]. However, with the usual recom- 
mended doses of Tc-DMSA (5 mCi) and Tc-GH (15 mCi), the 
absolute amount of cortical renal binding of these two radi- 
otracers is nearly identical (i.e., 1.5-2.5 mCi for Tc-DMSA and 
1.5-3.3 mCi for Tc-GH). Because the localization and mech- 
anism of tubular binding appear to be the same [21, 22], and 
the absolute uptake in the kidney is similar, equivalent images 
might be expected for equivalent counts, and this has been 
Our experience. 

Little has been published about the usefulness of Tc-GH 
for the calculation of differential renal function. Corriere et al. 
[23] compared creatinine, inulin, and para-aminohippuric acid 
clearances in six dogs with quantitative radionuclide differ- 
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ential function determined by using Tc-GH and '%’Hg-chlor- 
merodrin. Correlation was good except when renal obstruc- 
tion was present. Powers et al. [24] validated the use of Tc- 
GH to determine 1-3-min and 2-4-hr differential function (r = 
.99 and .73, respectively) in 11 dogs by using ureteral cathe- 
terization to obtain individual measurements of creatinine and 
iothalamate clearances. The reason for the poorer correlation 
on delayed images was renal pelvic retention in animals with 
renal obstruction. 

In one clinical study, Pieretti et al. [25] quantitated differ- 
ential renal function in 56 patients by using Tc-DTPA, °°"Tc- 
gluconate, or Tc-GH. With Tc-gluconate or Tc-GH, the 1-3- 
min and 2-4-hr differential functions varied little, except in 
patients with obstruction. The number of patients studied 
with each radiopharmaceutical was not stated. In 13 patients 
with nephrostomy or ureterostomy, individual creatinine clear- 
ances were measured; the degree of correlation (r = .96) with 
the calculated radionuclide differential function was high. 
However, the radiopharmaceutical used in these 13 patients 
was not identified. 

Our results in 51 patients showed excellent correlation 
between the 1-3-min and 2-4-hr methods of calculating 
differential renal function by using Tc-GH. The correlation was 
also found in patients with renal insufficiency, in children, and 
in patients with renal size disparity. No independent validation 
of the ability of Tc-GH to reflect differential glomular filtration 
or differential renal blood flow was obtained in this group of 
patients. However, we did show, in 10 other patients studied, 
a high degree of correlation (r = .99) between 1-3-min indi- 
vidual function determined by using Tc-DTPA and the 2-4-hr 
delayed individual function determined by using Tc-GH. Al- 
though more accurate quantitative standards for measuring 
glomerular filtration exist [26], the 1-3-min Tc-DTPA renal 
uptake technique is a valid method for calculating relative 
renal function [2, 6], and our results substantiate the useful- 
ness of using Tc-GH clinically for determining relative kidney 
function. 

This technique does have potential sources of error. Lack 
of correction for asymmetric renal depth possibly could affect 
the results. However, some controversy exists about the 
importance of depth correction. Choi and Kirchner [27] found 
substantial errors in calculations of differential function deter- 
mined by using posterior views only in contrast to those 
determined by using the geometric means of the anterior and 
posterior counts of each kidney. In contrast, Powers et al. [2] 
found no appreciable difference with depth correction and 
suggested that correction for renal depth may not be neces- 
sary. We always obtain posterior images with patients in the 
supine position to minimize this potential problem. In any 
case, the error is similar regardless which °°"Tc radiophar- 
maceutical is used and in no way negates our findings that 
Tc-GH can be used to estimate relative renal function. 

Careful subtraction of background is essential for accurate 
quantitation, particularly if renal insufficiency or organ overlap 
(e.g., kidney with liver or spleen) is present. Because Tc-GH 
is excreted partially through the liver, significant amounts of 
Tc-GH in the liver, gallbladder, or bowel on delayed images 
potentially could affect accurate quantitation. We found this 
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to be an uncommon problem. Routine posterior oblique views 
may alert one to this potential problem. The high correlation 
in our study between the 1—3-min (before liver uptake and 
clearance can occur) and the 2—4-hr differential functions also 
suggests that this is not usually an important source of error. 
In those cases in which quantitation on delayed static images 
may be in error because of hepatic clearance, the 1-3-min 
differential function still will be accurate. Tc-DMSA also is 
excreted through the liver and may result in inaccurate quan- 
titation, particularly if the patient has renal insufficiency. 

The ability to see perfusion, uptake, and clearance phases 
of the radiotracer dynamically can alert one to potential error 
in calculation of either the 1-3-min or the 2-4-hr differential 
function. Obstruction, delayed clearance of the collecting 
system, and reflux can result in incorrect calculation of differ- 
ential function that is based on delayed images. In these 
cases, the 1-3-min differential function usually will be accurate 
still, an important advantage of Tc-GH over Tc-DMSA. In 
patients with pelvic-caliceal retention, either hydration, admin- 
istration of furosemide, or both can be used to rule out 
obstruction and to ensure good delayed images in patients 
with slow clearance. In an occasional patient with early tracer 
arrival in the collecting system of one kidney or both kidneys, 
calculation of a 1-2-min differential function may be more 
appropriate. Therefore, calculation of differential function at 
both 1-3 min and 2-4 hr serves as an internal control for 
potential technical error. Such as control is impossible with 
Tc-DMSA. 
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Ultrasound Annual 1986. Edited by Roger C. Sanders and Michael C. Hill. New York: Raven, 261 pp., 1986. $79 


Ultrasound Annual 1986 continues a fine tradition with this current 
offering. The editors have selected a fascinating array of subjects for 
review. There are nine chapters, which represent the work of an 
internationally diverse group of contributors. 

Three of the articles are thorough, well-organized reviews of im- 
portant areas of sonographic practice. The reviews by J. W. Seeds 
on antenatal genitourinary sonography, by J. D. Blumhagen and E. 
Weinberger on pediatric gastrointestinal sonography, and by Sanders 
and Hill on benign scrotal diseases are excellent review articles with 
extensive, up-to-date references. 

Four of the articles describe clinical research at the frontiers of 
sonography. W. Feichtinger and P. Kemeter describe their work in 
transvesicle and transvaginal sonographically guided human oocyte 
retrieval for in vitro fertilization. B. J. Trudinger, R. S. Thompson, and 
W. B. Giles explore applications and limitations of Doppler sonogra- 
phy in obstetrics. M. Fukuda reviews the new technology of endo- 
scopic sonography, particularly in the evaluation of disorders of the 
Stomach and pancreas. F.-P. Kuhn reviews high-resolution imaging 
of the neck with special attention to lymph nodes and the metastatic 


spread of tumor. 

There are two chapters of general interest that are separate from 
clinical investigation. Sanders presents recent data on malpractice 
and sonography, particularly in obstetrics. His discussion touches 
many aspects of the current malpractice crisis. He includes as an 
appendix the useful obstetric sonographic guidelines of the American 
College of Radiology and the American Institute of Ultrasound in 
Medicine. Finally, |. W. Topper and Sanders share their experiences 
in the planning of a large ultrasound department, providing insight 
into this challenging process. 

The authors have achieved a uniformly high level of clarity and 
readability. Illustrations are well chosen and well reproduced. The 
index is reasonably detailed. The work will be of value to a wide 
audience of physicians interested in sonography. | recommend it 
highly. 


J. Eric Blum 
Sinai Hospital of Baltimore 
Baltimore, MD 21215 
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Case Report 





Normal Renal Papillae Simulating Caliceal Filling Defects 
on Sonography 


Joseph P. Dillard,’ Lee B. Talner,’ and Lee Pinckney’ 


Pelvicaliceal filling defects detected on sonography often 
pose a perplexing diagnostic problem because they are 
caused by a variety of diseases and normal anatomic pro- 
cesses. We describe two patients with hydronephrosis in 
whom caliceal filling defects seen on sonography were erro- 
neously attributed to a pathologic process. In both cases, 
subsequent excretory urography showed that the filling de- 
fects were normal papillae seen en face. 


Case Reports 
Case 1 


A 28-year-old woman who was 6 weeks pregnant presented to 
the emergency ward complaining of flank pain and fever. Urine 
analysis suggested infection, and urine culture grew Escherichia coli. 
A diagnosis of acute pyelonephritis was made, and appropriate 
antibiotic therapy was begun. Because of continued pain and fever, 
a sonogram was performed, which showed moderate hydronephrosis 
and multiple nonshadowing echogenic foci within the dilated calices 
(Fig. 1). A diagnosis of papillary necrosis was considered. Excretory 
urography showed a duplicated left collecting system and moderate 
hydronephrosis (Fig. 1). No true filling defect or papillary necrosis 
was identified, but the papillae were prominent. Delayed radiographs 
showed partial obstruction of the left ureter due to a calculus. This 
was endoscopically removed. Follow-up excretory urography and 
sonography were normal. 


Case 2 


A 15-year-old boy with a history of ileal conduit surgery for extrophy 
of the bladder had a routine follow-up sonogram. It showed hydro- 
nephrosis and multiple nonshadowing echogenic foci. A diagnosis of 
renal fungus ball was offered. Excretory urogram showed only non- 
obstructive hydronephrosis and prominent papillae (Fig. 2). 
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Discussion 


Although the causes of pelvicaliectasis were different in 
both of these patients, the nonshadowing echogenic foci in 
the calices were similar. In each case, they were initially 
thought to represent abnormalities of the calices. Excretory 
urography, however, showed that the sonographic appear- 
ance was caused by normal papillae projecting into dilated 
calices. 

The differential diagnosis of echogenic, nonshadowing foci 
within a dilated collecting system includes sloughed papillae, 
blood clots, fungus balls, or debris [1-3]. Definitive diagnosis 
of caliceal filling defects often requires microscopic examina- 
tion of tissue recovered by biopsy, excision, or spontaneous 
passage. The clinical setting, however, often points to the 
correct diagnosis. 

Fungal infections are most often due to Candida and are 
usually seen in patients with altered host resistance related 
to diabetes, malignancy, or prolonged corticosteroid or im- 
munosuppressive therapy. Patients have fever, chills, and 
flank pain, and hematuria is rare [4]. Sonograms show non- 
shadowing echogenic masses within the collecting system. 
The sloughed papillae are more echodense than the surround- 
ing renal parenchyma [5]. 

Papillary necrosis may complicate a variety of disease 
conditions including diabetes mellitus, obstructive uropathy, 
sickle-cell hemoglobinopathy, acute pyelonephritis, and anal- 
gesic nephropathy [5]. Patients may present with flank pain, 
dysuria, and fever, suggesting urinary tract infection, or with 
symptoms of ureteral colic. Sonographic findings include en- 
larged caliceal cavities created by previous sloughing of ne- 
crotic tissue [6]. Multiple round or triangular cystic spaces 
are seen in the medullary region, immediately adjacent to the 
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Fig. 1.—Case 1. 


A, Sagittal sonogram showing echogenic, nonshadowing, filling defects in each of three dilated calices (arrows). 
B, Coronal scan showing echogenic foci (arrows) in calices simulating sloughed papillae and other abnormalities. 
C, Excretory urogram showing hydronephrosis due to ureteral calculus. Prominent papillae project into mildly dilated calices and account for echogenic 


foci seen on sonography. 





Fig. 2.—Case 2. 

A, Sagittal sonogram showing multiple echogenic, nonshadowing foci (arrows) in dilated calices. 

B, Oblique longitudinal sonogram showing echogenic foci (arrows) in continuity with papillae. 

C, Excretory urogram showing hydronephrosis, subsequently confirmed to be nonobstructive. Papillae are prominent and account for echogenic foci 
seen on sonograms. 


renal sinus. With necrosis in situ, where the papilla remains 
attached, the attached papillary tips become more echogenic; 
this has not been described to our knowledge. Separated 
papillae should be movable within the collecting system. 

Gross hematuria is the rule in patients with blood clot in 
the collecting system. Serial examinations are useful to follow 
dissolution of the clot [1]. 

Necrotic debris is seen in patients with pyonephrosis. Typ- 
ical symptoms and signs are fever, back pain, and pyuria. 
Clumps of cellular debris might move with gravity during 
sonographic examination, and layering has been described 
[7]. 

Awareness of the sonographic features of prominent pa- 
pillae associated with hydronephrosis is important to avoid 
the overdiagnosis of significant caliceal filling defects. Careful 
scanning technique will enable true filling defects to be distin- 
guished from normal papillae (made more obvious by sur- 
rounding urine) by showing contiguity of the normal papillae 


with the surrounding renal parenchyma. In doubtful cases, 
changing the patient position enables the interpreter to see if 
the defect moves. 
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Case Report 





Renal Carcinoma After Retrograde Pyelography with 
Thorotrast 


D. Kauzlaric,' E. Barmeir,? P. Luscieti,° J. Binek,’ F. Ramelli,* and M. Petrovic? 


We describe the radiographic, sonographic, and CT findings Case Report 
in a case of renal epidermoid carcinoma that developed 49 
years after retrograde pyelography with Thorotrast (thorium A 74-year-old woman was admitted because of severe dyspnea 
dioxide). and weight loss. Examination revealed pulmonary hypertension, cy- 





Fig. 1.—Nephrotomogram shows nonfunc- Fig. 2.—Real-time transverse sonogram of right Fig. 3.—Noncontrast CT scan shows high- 
tioning right kidney with streaked, dense depos- kidney (arrowheads) shows prominent, highly ech- density (340-H) irregular bands (arrows) in re- 
its of Thorotrast in medulla and pelvis. ogenic renal sinus. Echogenic material fills renal gion of right renal sinus and pelvis. 

sinus. Note prominent posterior acoustic shadow 
(arrows). 
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anosis, tachypnea at rest, tachycardia, and systemic venous conges- 
tion. Chest radiograph showed pulmonary parenchymal infiltrates 
associated with pulmonary arterial hypertension. 

A plain radiograph of the abdomen showed irregular dense linear 
bands in the pelvis and calices of the right kidney (Fig. 1). Sonography 
showed a highly echogenic collection in the right renal sinus causing 
an acoustic shadow distally (Fig. 2). The size of the kidney was 
normal, and the right renal vein was not visible. Unenhanced and 
enhanced CT scans confirmed the presence of high-density irregular 
shadows in a nonfunctioning right kidney (Fig. 3). On further ques- 
tioning, the patient reported that 49 years before she had had 
retrograde pyelography with Thorotrast. She had no current history 
of urinary tract problems. 

Repeated urinary cytologic examinations showed malignant atypi- 
cal urothelial cells. Surgery was refused by the patient and her family. 
Her hospital course was complicated by respiratory distress, chest 
pain, and severe bilateral peripheral edema. She died of cardiopul- 
monary failure 19 days after admission. 


Pathology of the Right Kidney 
Gross Findings 


Tissue invaded most of the parenchyma and made the 
cortex and medulla inseparable. The lumen of the right renal 
vein was almost completely obstructed by a gray-white fragile 
material that extended distally into the inferior vena cava. The 
renal arteries were patent. Moderately enlarged paraaortic 
and paracaval nodes were found. 


Microscopic Findings 


The capsule of the right kidney was infiltrated by tumor. 
The epithelium of the pelvis showed a high degree of epider- 
moid metaplasia. This atypical epithelium had infiltrated the 
fibrous tissue of the renal pelvis, which was markedly thick- 
ened and contained granules of pigment. These granules 
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Stained purple with hematoxylin-eosin and brown with Van 
Gieson’s stain. These findings of a well-differentiated epider- 
moid carcinoma with foreign granules are highly specific for 
Thorotrast-induced carcinoma. 

Metastatic tumor cells with Thorotrast granules were found 
in the abdominal paraaortic lymph nodes and in the right 
adrenal gland. 


Discussion 


On sonography, Thorotrast deposits are strongly echo- 
genic. Because of its superior contrast resolution, CT clearly 
shows renal Thorotrast deposits as high-density foci (Fig. 3). 
When Thorotrast is identified on plain radiographs or sono- 
grams, CT of the entire abdomen should be performed to 
determine if high-density deposits are present in lymph nodes 
or visceral organs. Thorotrast deposits may be misinterpreted 
as “calcification” or “stones” on both conventional radiographs 
and sonograms. Therefore, it is important that the diagnosis 
of a “thorotrast kidney” be considered and that CT be used 
for follow-up [1, 2]. Once the diagnosis is established, pro- 
phylactic nephroureterectomy should be considered [3, 4]. In 
all cases, we suggest that routine exfoliative cytology and 
sonographic examinations be performed at least once every 
6 months after diagnosis. 


REFERENCES 


1. Kauzlaric D, von Wyttenbach A. Zwei falle von Thorotrastnieren. Fortschr 
Roentgenst 1980; 133(2):220-222 

2. Weiser A. Die Verwendung von Thoriumverbindungen zur Urographie. 
Wein Med Wochenschr 1930;80: 1427-1429 

3. Looney WB. An investigation of the late clinical findings following Thoro- 
trast (thorium dioxide) administration. AJR 1960;83: 163-185 

4. Westin J, Lanner L, Weingeld A, Zettergren L. Renal pelvic carcinoma after 
Thorotrast pyelography. Acta Med Scand 1973;194:141-143 


Beverly A. Thornhill 
Helen T. Morehouse! 
Patricia Coleman? 

Janet C. Hoffman-Tretin' 


Received September 15, 1986; accepted after 
revision December 9, 1986. 


‘Department of Radiology, Albert Einstein Col- 
lege of Medicine, 1300 Morris Park Ave., Bronx, 
NY 10461. Address reprint requests to B. A. Thorn- 
hill. 


2 Department of Urology, Albert Einstein College 
of Medicine, 1300 Morris Park Ave., Bronx, NY 
10461. 


AJR 148:899-900, May 1987 
0361-803X/87/1485-0899 
© American Roentgen Ray Society 


899 


Prostatic Abscess: CT and 
Sonographic Findings 





The value of CT and sonography in the diagnosis and follow-up of abscesses of the 
prostate was studied in six patients with this disease. Five had CT alone, one had CT 
and sonography, and one had sonography only. CT findings included an enlarged gland 
with nonenhancing fluid-density collections that sometimes were multiseptated or had 
enhancing rims. Sonographic findings were similar, showing a hypoechoic mass with 
thick walls. Follow-up examinations after antibiotic therapy (one CT, one sonogram) 
showed improvement or resolution. 

In the patients studied, CT and sonography were useful methods to detect and follow 
the course of prostatic abscess. 


The prostate is a relatively uncommon site of abscess formation. However, the 
misdiagnosis or incomplete treatment of an abscess in this location can result in 
serious or even life-threatening complications [1, 2]. Therefore, prompt and accu- 
rate diagnosis is essential [3]. Signs, symptoms, and physical findings of prostatic 
abscesses often are nonspecific [4]. We present six cases of prostatic abscess 
that were detected on CT and/or sonography. 


Materials and Methods 


From March 1983 to March 1986, six patients suspected of having a prostatic abscess 
were referred to Albert Einstein College of Medicine for CT and/or sonography. The patients’ 
age range was 29-77 years. Clinical findings included fever, dysuria, enlargement and/or 
tenderness of the prostate, and suprapubic pain. Two patients were IV drug abusers, one 
had diabetes, and one had had transurethral resection of the prostate. Urine cultures were 
positive in five of the patients; Escherichia coli was the most common organism found. 

Five patients underwent CT in the supine position on a GE 8800 scanner. Axial sections 
5-mm thick were obtained after the administration of IV contrast material. Another patient 
underwent perineal sonography via a 3-MHz transducer on an ATL MK600. One patient had 
both CT and sonography at presentation and then a follow-up sonogram. Follow-up CT scans 
were obtained in another patient. Hospital records, including clinical history, laboratory data, 
and surgical and pathologic reports, were reviewed for all six patients. 


Results 


All five cases of prostatic abscess had well-defined areas of low attenuation on 
CT (—19 to 13 H) after administration of IV contrast material. CT showed symmetric 
enlargement of the prostate in three patients and asymmetric enlargement in one. 
All lobes were affected, but the left was involved most commonly (four patients). 
One patient had a single abscess with incomplete septations (Fig. 1), and another 
had a single, septated abscess (Fig. 2A). Sonographic findings in the latter patient 
were similar to CT findings (Fig. 2B), and a follow-up sonogram showed decreased 
size of the abscess after 1 week. Multiple abscesses were found on CT in two 
patients (Fig. 3A). In one of these, follow-up CT showed nearly complete resolution 
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Fig. 1.—Prostatic abscess in a 29-year-old 
man with fever, dysuria, and urinary tract infec- 
tion. CT scan at level of prostate shows an en- 
larged gland with a partially septated fluid col- 


lection with enhancing rims (arrows). areas. 





after 2 weeks (Fig. 3B) and complete resolution after 2 years. 
Enhancing rims around abscesses were seen on CT in two 
patients, and one patient had an abscess in the seminal 
vesicle. Prostatic calcifications were detected incidentally in 
one patient (Figs. 3A and 3B). In the one patient who had 
sonography only, a single multiseptated abscess was found 
in the left lobe. 


Discussion 


The use of CT in the diagnosis of prostatic abscess has 
been described [5, 6], and sonographic findings in prostatic 
abscess have been alluded to [7]. We present additional data 
to show that CT and sonography are useful in the diagnosis 
of this disease. The progress of the abscess can be followed, 
as shown in two of our patients. Nearby organs also can be 
examined for contiguous spread of infection. 

IV pyelography is nonspecific in regard to prostatic abscess 
[8]. Scintigraphy with °’Ga-citrate has been discussed in two 


Fig. 2.—Prostatic abscess in a 37-year-old drug abuser with urinary tract infection. 

A, CT scan shows multiseptated abscess in the prostate (arrows). R = rectum. B, Transverse 
perineal sonogram at same level as A shows three corresponding anechoic areas within the prostate 
(arrows). B = bladder. Follow-up sonogram 1 week later showed smaller but persistent anechoic 


Fig. 3.—Prostatic abscesses in a 75-year-old 
diabetic man with urinary tract infection. 

A, CT scan at level of prostate shows three 
abscesses: one large well-defined hypodense 
area in left lobe (arrows) and two smaller ones 
on right (arrowheads). 

B, Follow-up CT scan obtained 2 weeks later 
shows resolution of abscesses in the right lobe 
and decrease in size of abscess in left lobe 
(arrows). 


cases of prostatitis [9], but abscesses cannot be excluded 
by this method, and imaging requires 3 days. The role of MR 
imaging in prostatic abscess has not been determined yet. 
CT and sonography are easily performed, have widespread 
availability, and provide specific information. 
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The Spectrum of 
Sonographic Findings in 
Hemorrhagic Ovarian Cysts 





The sonograms of 76 hemorrhagic ovarian cysts were reviewed to ascertain the full 
spectrum of sonographic findings. All cases were proved either by surgery or by 
documented resolution on sonography and/or clinical follow-up. The overwhelming 
majority (92%) had increased sound through-transmission, signifying the basic cystic 
nature of the lesion. The sonographic patterns were variable. The most common 
appearance was that of a heterogeneous mass (83%), almost half of which were 
predominantly anechoic with hypoechoic material. The other cases (17%) were com- 
pletely homogeneous, either hypo- or hyperechoic. No masses were completely ane- 
choic. Additional sonographic features included a thick rim, septations, and associated 
cul-de-sac fluid. A rounded hyperechoic mass, representing blood clot, was contained 
within 13 masses. In addition, some women appeared to have an increased tendency 
to form ovarian cysts, suggested by the fact that 26% of them had a past, concurrent, 
or future episode of simple or hemorrhagic ovarian cysts. 

Because hemorrhagic ovarian cysts have variable sonographic findings, they should 
be included in the differential diagnosis of any adnexal mass that has good sound 
through-transmission. 


Ovarian cysts are the most common cause of adnexal masses. Hemorrhage into 
the cyst is a frequent and well-known complication. There are two reports of 
hemorrhagic ovarian cysts (HOCs) in the literature [1, 2]. The 10 HOCs in the 
series of Bass et al. [1] were strictly in an adolescent population. Reynolds et al. 
[2] described 15 cases; however, three were not ovarian cysts, but rather cystad- 
enomas. Therefore, only 12 HOCs in adult patients have been reported, along with 
references in general articles on pelvic masses [3-6]. In these studies it was shown 
that HOCs have a variety of sonographic patterns. The lesions have sonographic 
features similar to other adnexal masses such as dermoids, endometriomas, 
abscesses, torsion, and ovarian neoplasms. However, HOCs differ in that they may 
resolve spontaneously and, therefore, are nonsurgical lesions. We retrospectively 
analyzed 76 HOCs in 70 patients to determine the spectrum of their sonographic 
features. Also, we analyzed the patients’ clinical findings and medical histories. 


Materials and Methods 


We retrospectively evaluated 76 HOCs in 70 patients seen during a 6-year period at 
Thomas Jefferson University Hospital. Pertinent gynecologic histories were obtained on all 
patients. Thirty-eight cases were proven surgically. An equal number of HOCs had total 
resolution documented by follow-up sonograms and/or resolution documented by the clinical 
finding of disappearance of a palpable mass. Of this nonsurgical group, none had fever or a 
history suggestive of endometriosis. None of these patients were treated with antibiotics or 
hormones, and none had evidence of infection or endometriosis on follow-up 6 months to 2 
years after first presentation. On the basis of all this information it was believed that, if these 
masses resolved, they could only have been HOCs. 

Patients were scanned with a variety of commercially available real-time sector scanners 
by using either a 3.5- or a 5-MHz transducer; some had static scans also. Only two of the 
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earliest cases were studied with static scans alone. Patients were 
examined in the supine and oblique positions with full urinary blad- 
ders. Masses were scanned from several angles in an attempt to 
evaluate all sonographic characteristics. Optimal time-gain-compen- 
sation curves and gain settings were used. High- and low-gain studies 
were performed on any anechoic mass for evaluation of internal 
echoes. Gentle water enemas were administered under sonographic 
guidance when distinction of bowel from a mass was necessary. 
Masses were analyzed for size, shape, internal echogenicity, distal 
acoustic properties (enhancement or absorption), thickness of rim, 
and presence or absence of cul-de-sac fluid. Hypoechogenicity was 
defined as less or equal echogenicity compared with that of the 
uterine myometrium, while hyperechogenicity was defined as greater 
echogenicity than the myometrium. Increased sound through-trans- 
mission was defined as increased echoes emanating from the entire 
distal border of the mass and continuing indefinitely. Through-trans- 
mission was considered increased when it was comparable to the 
transmission produced by the urinary bladder. When a strong reflector 
such as bone or bowel gas caused increased brightness at the distal 
border of the mass and initiated reverberations, the through-trans- 
mission was considered indeterminate. The wall of the cyst was 
considered to be thick if it measured >4 mm. In cases where the 
thickening was not always uniform, the thickest area was measured. 


Results 


The patients were 17-64 years old (mean, 30 years; me- 
dian, 28 years). Six patients were pregnant, all in the first 
trimester (8-11 weeks). Three patients were postmeno- 
pausal. Most patients, 49 (70%) of the 70, had acute pelvic 
and/or lower abdominal pain and a palpable mass. There was 
a variety of other presenting symptoms. Only three patients 
(4%) were asymptomatic. No sonographic differences were 
found among their HOCs. 

Eighteen patients (26%) had a past, concurrent, or subse- 
quent simple cyst or HOC. Included in this series were one 
patient with bilateral HOCs and five who had recurrent HOCs 
(6 months to 4 years after the first episode). Ten others had 
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a history of ovarian cysts, eight uncomplicated and two 
hemorrhagic (these two HOCs were not included in the series 
because the scans were no longer available for review). In 
addition, one patient had a contralateral simple ovarian cyst 
and another had two separate episodes of recurrent simple 
ovarian cysts. 

Of the 38 pathologically proven diagnoses, 33 masses were 
functional ovarian cysts with hemorrhage. These included 
corpus luteum, follicular, and corpus albicans cysts. The 
causes of five HOCs were indeterminate because old hem- 
orrhage and fibrous changes obscured the wall lining. 

Seventy-six masses were detected in the 70 patients. Sixty- 
four patients had a single HOC, one had bilateral HOCs, and 
the other five developed recurrent episodes. All masses were 
clearly separable from the uterus on sonograms. All masses 
except one were well-defined and round. Masses ranged in 
their average diameters from 2.5 to 14 cm (mean, 5 cm; 1 SD 
= 2.2 cm). The largest maximum diameter was 16 cm (Fig. 
1), five masses had maximum diameters of >10 cm; and 27 
had maximum diameters of 6-10 cm. 

The internal echogenicities of the masses are listed in Table 
1 (Figs. 1-6). There was no significant difference in sono- 
graphic appearances between surgically proven HOCs and 
HOCs that resolved, as documented by sonographic and/or 
Clinical follow-up. Most HOCs appeared as masses with het- 
erogeneous echogenicity (63 or 83% of 76 cases) with the 
largest subgroup (31 masses) being predominantly anechoic 
masses containing hypoechoic material (Fig. 4). The other 13 
(17%) were filled with homogeneous echoes (Figs. 2 and 3). 
No completely anechoic HOCs were found. Seventeen (22%) 
of the 76 masses were filled with a preponderance of hypo- 
echoic material (Figs. 1 and 2). About the same number, 16 
(21%), appeared as a mass filled with a preponderance of 
hyperechoic material (Figs. 3 and 6). 

In the entire series, 13 HOCs (17%) contained a round, 
hyperechoic mass representing clot. These were found in two 
subgroups of the heterogeneous masses described in Table 
1. Eight of these clots were small and found in predominantly 


Fig. 1.—Midline abdominopelvic 
sagittal sonogram reveals largest hem- 
orrhagic ovarian cyst (arrowheads) in 
this series. This heterogeneous mass 
contains predominantly hypoechoic 
material representing old hemorrhage 
on pathologic examination. B = urinary 
bladder. 


Fig. 2.—Transverse pelvic sono- 
gram reveals mass (M) deep in cul-de- 
sac compressed between bladder (B) 
and uterus (U) anteriorly and colon or 
bone (asterisks) posteriorly. Sound 
through-transmission is indeterminant 
because of hyperreflectivity of bone 
and gas. This hemorrhagic ovarian cyst 
is homogeneous in echogenicity, totally 
filled with hypoechoic debris confirmed 
surgically to be hemorrhage. 
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Fig. 3.—Transverse pelvic sono- 
gram on split-screen images reveals 
right adnexal homogeneous mass (ar- 
rows), hyperechoic in relation to uterine 
myometrium (arrowheads). Surgery re- 
vealed an ovarian cyst filled with a 
large blood clot (C). Note increased 
sound through-transmission. U = 
uterus; B = bladder. 


Fig. 4.—Midline pelvic sagittal son- 
ogram reveals normal 7-week intra- 
uterine pregnancy and cul-de-sac 
mass representing hemorrhagic corpus 
luteum cyst (arrows). Mass is hetero- 
geneous and predominantly anechoic 
with hypoechoic material and in- 
creased sound through-transmission 
comparable to that of urinary bladder 
(B). Follow-up sonography 6 weeks 
later revealed total resolution of mass. 
U = uterus. 

Fig. 5.—Transverse pelvic sono- 
gram reveals right adnexal mass (ar- 
rows) heterogeneous in echogenicity, 
predominantly anechoic (in other re- 
gions of mass) with hyperechoic ma- 
terial. Surgery was performed because 
of previous left dermoid and sono- 
graphic findings consistent with sec- 
ond dermoid. Increased through-trans- 
mission makes hemorrhagic ovarian 
cyst also possible. Surgery revealed 
hemorrhagic ovarian cyst. B = bladder; 
U = uterus. 


4 


anechoic masses with hyperechoic material (Fig. 7). Five were 
large in relation to the mass and therefore were seen as 
predominantly hyperechoic masses (Fig. 6). A thick wall (=4 
mm) was present in 48 (63%) of the 76 masses. Measure- 
ments were 4-22 mm in the thickest portion. Most (98%) 
were in the 4- to 10-mm range (mean, 6.5 mm). Thickening 
was not always uniform. Septations were seen in 16 HOCs 
(Fig. 8); they were thick or thin, single or multiple, and hypo- 
or hyperechoic. Only five masses showed an actual layering 
of hemorrhagic debris. No HOCs had calcifications. 

Seventy masses (92%) had increased sound through-trans- 
mission. In five cases, the through-transmission was indeter- 
minant. This finding was unrelated to the size of the mass, 
but instead was technical, caused by either deep pelvic po- 
sition of the mass or its posterior apposition to gas-filled 
bowel loops or bony structures (Fig. 2). Only one mass had 
decreased sound through-transmission. 

Fluid in the cul-de-sac was present in 17 (22%) of the 76 
patients. Thirteen had only a small amount of fluid while four 
had moderate to large amounts. Fourteen patients had ane- 
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choic fluid on sonograms, while the other three had variably 
echogenic material within the cul-de-sac fluid, which at sur- 
gery was found to be hemoperitoneum with clot formation 
(Fig. 9). In the nine cases in which surgery was performed, 
the cul-de-sac contents were blood and serous or “clear 
reactive” fluid. 

In the 31 cases of HOCs documented by resolution on 
follow-up sonography, time intervals between the first and 
follow-up examinations ranged from 1.5 to 12 weeks (aver- 
age, 5.5 weeks). Resolution of the mass was total in all cases. 


Discussion 


Blood is known to have a variable sonographic appearance, 
mostly related to the temporal sequence of clot formation and 
lysis [7-13]. Classically, fresh blood is anechoic, progressing 
subacutely to a mixed echogenicity, and finally becoming 
anechoic [14]. In most cases, however, any pattern may exist 
or several patterns may coexist. Therefore, it is not surprising 
that HOCs have such variable sonographic features (Table 
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TABLE 1: Internal Echogenicity of Hemorrhagic Ovarian Cysts 





No. of Cases 





Resolution on 


Internal Echogenicity Surgically Sonography Total 








Proven and/or 
Clinical 
Follow-up 
Anechoic 0 0 0 
Homogeneous echoes: 
Hypoechoic 6 2 8 
Hyperechoic 3 2 5 


Heterogeneous echoes: 
Predominantly anechoic with 
hypoechoic material 12 19 31 
Predominantly anechoic with 
hyperechoic material 5 7 
Predominantly hypoechoic 5 4 9 
Predominantly hyperechoic 7 4 





Total 38 38 76 





1). Echogenicity is also dependent on proper technique. When 
a mass is deemed truly anechoic, the gain must be increased 
to try to elicit subtle internal echoes. If internal echoes are 
found, the mass is not anechoic and therefore not a simple 
cyst. In our series, the technique of increasing the gain on all 
apparently anechoic masses was used, and no mass was 
truly anechoic (Table 1). In the two previous series [1, 2], 
however, three HOCs had been considered anechoic. While 
these three cysts could have had fresh or old blood, it is 
possible that the technique was not optimal. 

In this series, the fundamental sonographic feature of an 
HOC was increased through-transmission, signifying the 
basic cystic nature of the mass. The ability of a mass to allow 
increased sound through-transmission is as important a son- 
ographic feature as is internal echogenicity. This distinguishes 
a cystic from a solid mass in almost all cases. Rarely, how- 
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Fig. 6.—Parasagittal pelvic sono- 
gram shows right adnexal mass (ar- 
rows), heterogeneous and predomi- 
nantly hyperechoic because of clot (C). 
Through-transmission of this hemor- 
rhagic ovarian cyst is as good as that 
of bladder. Entire mass resolved spon- 
taneously in 6 weeks. B = bladder. 


Fig. 7.—Transverse pelvic sono- 
gram reveals right-sided heteroge- 
neous adnexal mass (arrows). Hemor- 
rhagic ovarian cyst is predominantly 
anechoic, containing hyperechoic ma- 
terial representing two small round 
blood clots. Sound through-transmis- 
sion is increased. B = bladder; U = 
uterus; O = left ovary. 


ever, distal acoustic enhancement could not be detected. This 
occurred in five of our cases. The one HOC that appeared to 
have decreased through-transmission also had poorly defined 
borders. During surgery it was found adjacent to diverticulitis 
and adherent to inflamed bowel loops, which presumably 
absorbed sound, causing decreased through-transmission. 
Therefore, in our series, no mass truly absorbed sound. In 
another report [2], one case of poor through-transmission 
was explained by a thick, irregular fibrous wall and repeated 
hemorrhage into the cyst. Therefore, the occurrence of sound 
absorption, either due to technical or anatomic causes, makes 
an HOC unlikely. 

The presence of a round, hyperechoic mass representing 
blood clot [13, 15] within an adnexal mass that has increased 
sound through-transmission is suggestive but not pathogno- 
monic of an HOC. Thirteen (17%) of our masses had this 
feature. Although dermoids [16], endometriomas, or ab- 
scesses may in some instances have this finding, its presence 
should raise the possibility of an HOC in the differential 
diagnosis. 

Dermoids may have sonographic features identical to 
HOCs. Early in our series, six patients (two of whom had a 
previous oophorectomy for a dermoid) had surgery because 
of the striking hyperechogenicity of their masses (Fig. 5). Only 
dermoids were considered. Most of these masses were totally 
hyperechoic (Fig. 3) or heterogeneous with predominantly 
hyperechoic material (Fig. 6). In retrospect, the masses all 
had excellent sound through-transmission, and the diagnosis 
of an HOC should have been considered. 

An additional and unexpected finding in this study was that 
26% of the patients had either a history of ovarian cyst or a 
concomitant or recurrent ovarian cyst, either simple or hem- 
orrhagic. To our knowledge no other series has shown this 
frequency. This suggests that some women have a tendency 
to develop cysts. Conservative therapy in these women is 
important to avoid unnecessary surgery. 

Because the sonographic appearance and clinical symp- 
toms of an HOC are variable and because the lesion may 
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Fig. 8.—Transverse sonogram of 
pelvis reveals predominantly anechoic 
cystic adnexal mass to left of uterus 
(U) with thick septations (long arrow), 
thick wall (arrowheads), and hypoech- 
oic debris (short arrow). Surgery re- 
vealed hemorrhagic corpus luteum 
cyst. B = bladder. 


Fig. 9.—Transverse sonogram of 
pelvis in 27-year-old woman with pain 
and suspected ectopic pregnancy. Sur- 
gically confirmed hemorrhage in left 
ovarian cyst (M) manifests as hypoech- 
oic material, while clot (C) in hemoper- 
itoneum (asterisks) due to cyst rupture 
is hyperechoic. Note thick wall (arrow- 
heads) and increased through-trans- 
mission. U = uterus; B = bladder. 


resolve spontaneously, an HOC should be included in the 
differential diagnosis of any adnexal mass that has good 
sound through-transmission. This differential diagnosis, how- 
ever, may be extensive, including dermoid, endometrioma, 
abscess, ectopic pregnancy, cystadenoma, adnexal torsion, 
and carcinoma. HOCs have even been confused with more 
unusual entities such as degenerated fibroids [5], splenic 
torsion [17], and fluid collections that occur after renal trans- 
plantation [18]. Clinical correlation becomes crucial since an 
HOC is unlikely in the presence of fever, leukocytosis, a 
positive beta subunit of human chorionic gonadotropin, older 
age, Clinical deterioration/instability, or a combination of 
chronic cyclic pain and infertility. All these clinical findings 
warrant surgical intervention or specific medical treatment. If, 
however, these clinical findings are not present, an HOC 
becomes a reasonable possibility, particularly if the mass has 
increased through-transmission, and a conservative approach 
with monitoring for resolution is an alternative to immediate 
intervention. 
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Quantitative Obstetrical Ultrasonography. By Russell L. 


P. Hadlock. New York: Wiley, 377 pp., 1986. $45 


This is not a book for light bed-time reading! In the preface the 
authors state that this book contains “the information needed to 
become well versed in the use of quantitative methods in obstetrical 
ultrasonography,” and indeed the promised information is there, and 
then some; but most readers will not find it pleasant going. The 
authors are important figures in the efforts of American sonologists 
to bring some order to the confusing welter of obstetrical observations 
and measurements that have been introduced to assess fetal well- 
being, and they are well suited to the task they have undertaken. 
Their attempt, however, has been only partially successful. 

The first half of the book is devoted to the sonographic measure- 
ments themselves. It begins with a rambling and unnecessary de- 
scription of the principles of sonography as applied to obstetrics. 
However, this information is now widely known and has been pre- 
sented more clearly elsewhere. The second chapter, however, is 
excellent, because it discusses the criteria for analyzing a study 
dealing with any quantitative aspect of obstetrical sonography, and 
those practicing in this field would do well to read it. The remainder 
of the section includes comprehensive evaluations of the various 
Studies that have been published on the subject of fetal dating and 
growth. It is valuable because it assesses all of the data available 
and assembles the information, including useful tables, in one place. 
The effort suffers, however, because it is inconsistent and unclear in 
its presentation. The last chapter in this section, discussing studies 
of fetal dynamics, is particularly poor and misses a great opportunity 
to assess effectively information in an area in which there is still 
considerable mystery. Since the authors have put so much work into 
this book, this reviewer wishes that they had gone a bit further and 
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made specific recommendations for the optimum parameters for 
measurement on the basis of contemporary data and experience. 

The second portion is a review of statistics. It is well done, not 
exceptional, but certainly adequate. However, since there are other 
small texts dealing with the subject, and this one does not represent 
an advance in the art, this section may be unnecessary. Nonetheless, 
for those who want to understand more clearly how and why the 
Statistician manipulates data and who do not have access to a text 
on the subject, this section will be a help. 

The final section contains two long appendices listing the studies 
of fetal dating and normal growth to which reference was made in 
the first section. For each, the various criteria for analysis are listed, 
and there are places to fill in similar studies that may be published in 
the future. These charts allow ready comparisons of the investigations 
dealing with any parameter, so that strengths and weaknesses can 
be quickly identified. 

All of the data here are available elsewhere, and most of the 
information is currently being used in a satisfactory manner. Obstet- 
rical dating and the assessment of fetal growth and well-being are 
imprecise sciences, and | could find nothing in this text that would 
indicate that using or making measurements in a different way will 
change that. | believe that this book does have a place in academic 
libraries where it might be a reference source, but it is not appropriate 
for general acquisition. 


Harte C. Crow 
Mary Hitchcock Memorial Hospital 
Hanover, NH 03755 
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Sonography of Subfascial 
- Hematoma After Cesarean 
Delivery 





M. David Wiener’ ‘Subfascial hematoma is an important complication of cesarean delivery that has 
James D. Bowie’ received little attention in the radiologic literature. it results from extraperitoneal hem- 
Mark E. Baker’ orrhage. within the prevesical space, posterior to the rectus muscies and transversalis 
Helen H. Kay? fascia but anterior to the peritoneum and umbilicovesical fascia. Subfascial hematomas 
were found in 12 (38%) of 32 patients referred for sonographic evaluation of a fever or 
a fall in hemoglobin that occurred after a cesarean delivery. In all cases, sonography 
revealed cystic or complex masses of various ‘sizes anterior to the bladder. The use of 
high-frequency, short-focus transducers often was necessary to recognize these su- 
perficial abnormalities. Seven of the 12 patients had concomitant bladder-flap hemato- 
mas between the lower uterine segment and posterior bladder margin. Of the five 
remaining patients with isolated subfascial hematomas, the sonograms on four were 
a. a mE . smisinterpreted as showing bladder-flap hematomas. The other was diagnosed correctly. 
Ac otf. PD. + Distinction of subfascial hematomas from bladder-flap -hematomas and superficial- 

wound hematomas must be made if surgical evacuation is contemplated. 


Subfascial hematoma complicating cesarean delivery was first described by 
Schiffer and Hellman [1] in 1970. It results from disruption of the inferior epigastric 
vessels or their branches between the transversalis and umbilicovesical fasciae. 
The hematoma is thus anterior to the bladder in the prevesical space as opposed 
to a retrovesical bladder-flap hematoma, which occurs adjacent to the incision in 
the lower uterine segment [2]. Lack of adequate description of the sonographic 
features of subfascial hematoma in the radiologic literature and potential confusion 
with bladder-flap hematoma prompted a review.of our experience with this compli- 
cation. The sonographic findings in 12 patients with subfascial Nemaromas form 
the basis of this report. 


Materials and Methods 


The sonograms and medical records of 32 patients referred to Duke University Medical 
Center between January 1985 and May 1986 for sonography after cesarean delivery were 
reviewed. All sonograms were performed with real-time equipment and with transducers 
ranging from 3.5 to 7.5 MHz. Long-focus (8-12 cm), mechanical-sector or variable-focus, 
ohased-array transducers were used to evaluate the bladder-flap region. High-frequency (5.0 
MHz), linear-array transducers or 7.5-MHz, short-focus (1-3 cm), mechanical-sector trans- 


Received September 4, 1986; accepted after ducers were used to evaluate the abdominal wall. 
revision November 5, 1986. 


‘Department of Radiology, Box 3808, Duke Uni- 
, versity Medical Center, Durham, NC 27710. Ad- Results 
dress reprint requests to J. D. Bowie. | 

*Department of Obstetrics and Gynecology, Twelve patients had a subfascial hematoma. Eleven were febrile and had a 
rel n Medical Center, Durham, NC clinical diagnosis of endometritis or hematoma. The 12th patient, who was evalu- 
ppe: 307-910, May 1987 ated with sonography and CT because of an unexplained fall in hemoglobin and 

— ay 

0361-803X/87/1485-0907 incisional bleeding, subsequently required surgical evacuation of the subfascial 


© American Roentgen Ray Society hematoma. 
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Fig. 1.—Subfascial hematoma. 

A, Longitudinal and B, transverse sonograms 
show a complex mass (M) anterior to bladder 
(BL). Parasagittal rectus muscles are not identi- 





A 


Fig. 2.—Concomitant subfascial and bladder-flap hematomas. 


fied on these midline images. 





A, Longitudinal and B, transverse sonograms with 3.5-MHz transducer show a bladder-flap hematoma (H) posterior to bladder. Subfascial hematoma 


(arrows) is evident on longitudinal scan only. 


C, Longitudinal sonogram with 7.5-MHz transducer clearly defines subfascial hematoma. 


Sonography revealed either a cystic collection (seven 
cases) or complex mass (five cases) deep to the rectus 
muscles and anterior to the bladder (Fig. 1). Four of the seven 
fluid-filled collections had low-level internal echoes. Size of 
the subfascial hematomas ranged from 1 x 3 x 3 cm to 11 
x 12 Xx 14 cm. Seven of the 12 patients had concomitant 
bladder-flap hematomas between the lower uterine segment 


and posterior bladder margin (Figs. 2A and 2B). Short-focus, 
high-frequency transducers were necessary to visualize the 
more superficial subfascial hematomas in seven of 12 cases 
(Fig. 2C). In four of five cases of isolated subfascial hematoma, 
the clinical diagnosis after sonography was “bladder-flap he- 
matoma,” two of which were reported erroneously by the 
radiologist. 
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Discussion 


A subfascial hematoma is an extraperitoneal hematoma 
contained within the prevesical space and caused by disrup- 
tion of the inferior epigastric vessels or their branches during 
cesarean delivery. The anatomy of the extraperitoneal par- 
avesical spaces has been reviewed recently [3]. Briefly, the 
bladder lies within the perivesical space, surrounded by the 
umbilicovesical fascia, analogous to the perinephric space 











q 


\\ 


\l 


\ 


Fig. 3.—Schematic sagittal view of female pelvis. bl = urinary bladder, 
per = peritoneum, pre = prevesical space, ra = rectus abdominis muscle, 
rp = retropubic space (of Retzius), tf = transversalis fascia, ut = uterus, 
uvf = umbilicovesical fascia. 


Fig. 4.—Subfascial hematoma extending an- 
teriorly into subcutaneous tissues. 

A and B, Transverse sonogram (A) and ab- 
dominal CT scan (B) at corresponding levels 
show a subfascial hematoma (arrows) extending 
anteriorly between rectus muscles (arrow- 
heads). B = bladder. 
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contained by Gerota’s fascia. Anterior to the umbilicovesical 
fascia, but posterior to the transversalis fascia, is the larger 
prevesical space, analogous to the anterior pararenal space 
(Fig. 3). The inferior extent of the prevesical space is known 
also as the retropubic space (of Retzius). Below the arcuate 
(semilunar) line of Douglas, the posterior surface of the rectus 
muscles therefore is separated from peritoneum sequentially 
by transversalis fascia, prevesical fat, umbilicovesical fascia, 
and a layer of properitoneal fat. The inferior epigastric vessels 
course supermedially for a variable distance in the prevesical 
space before piercing the transversalis fascia in the vicinity of 
the arcuate line and entering the posterior rectus sheath. 

Cesarean delivery (both classic and low transverse) in- 
volves separation and retraction of the rectus muscles to 
expose underlying fascia and peritoneum. In their original 
description of subfascial bleeding that occurs after classic 
cesarean delivery, Schiffer et al. [1] listed several operative 
and postoperative predisposing factors, including vigorous 
retraction, inadequate hemostasis, and a “sawing effect” of 
the abdominal wall sutures. Both of their patients had a 
postoperative fall in hemoglobin and required surgical evacu- 
ation of large hematomas that extended inferiorly into the 
retropubic space (of Retzius). 

Proper recognition of subfascial hematoma and its distinc- 
tion from superficial-wound hematoma and bladder-flap he- 
matoma is important should surgical evacuation become nec- 
essary. Because of the large potential volume of the preves- 
ical space, significant blood loss may occur from subfascial 
hematoma. The prevesical space can accommodate 2500 ml 
of fluid without evidence of a palpable abdominal-wall mass 
[3]. Because the overlying transversalis fascia and rectus 
muscles have been violated surgically, blood may leak from 
the subfascial hematoma to the skin surface, as occurred in 
our patient with incisional bleeding (Fig. 4). When this occurs, 
a minor superficial-wound hematoma cannot be distinguished 
clinically from a deeper subfascial hematoma with its potential 
for major blood loss. Real-time sonographic identification of 
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the rectus muscles serves as a useful landmark in separating 
the superficial-wound hematoma (anterior to the rectus mus- 
cles) from the subfascial hematoma (posterior to the rectus 
muscles). It may be necessary to trace medially, by real-time 
sonography, the posterior surface of the parasagittal rectus 
muscle to determine which tissue plane represents the rectus 
muscles at the location of the hematoma. 

Similarly, subfascial hematoma must be distinguished from 
bladder-flap hematoma, although both have the potential for 
significant blood loss. The bladder-flap hematoma is adjacent 
to the incision in the lower uterine segment but covered by a 
fold of peritoneum that has been incised, reflected, and reap- 
proximated during surgery. The hemorrhage usually is con- 
fined by overlying peritoneum but may spread laterally along 
the broad ligaments into the retroperitoneum [2]. Surgical 
evacuation of a bladder-flap hematoma requires incision of 
the peritoneum in two locations, whereas a subfascial hema- 
toma can be evacuated without opening the peritoneum. 

Our review of the literature suggests that there is much 
confusion about these hematomas. Three series described 
the bladder-flap hematoma [2, 4, 5] without mentioning the 
subfascial hematoma, and a recent study [6] implied that the 
subfascial hematoma is an extension of the bladder-flap he- 
matoma. We found no sonographic evidence of direct exten- 
sion between the retrovesical bladder-flap hematomas and 
the prevesical subfascial hematomas in our series. More likely, 
bladder-flap and subfascial hematomas coexist coincidentally 
as common complications of cesarean delivery. These he- 
matomas have different sources of bleeding (epigastric vs 
uterine vessels) and should be treated as separate entities. 

The choice of the term “subfascial hematoma” may be 
unfortunate. We presume that the hemorrhage is within the 
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prevesical space, as confirmed in some of our cases by its 
spreading inferiorly to the retropubic space. Possibly, some 
of the more confined hematomas are not subfascial but rather 
“suprafascial” between the rectus muscles and transversalis 
fascia. This distinction is of little clinical importance because 
both would have similar potential routes of spread and require 
similar surgical approaches. 

The subfascial hematoma can be missed if sonographic 
examination of the anterior abdominal wall is not performed 
carefully. This includes the use of high-frequency, short-focus 
transducers or appropriate use of stand-off materials. 
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Sonography for Early 
Diagnosis of Enlarged 
Parathyroid Glands in 
Patients with Secondary 
Hyperparathyroidism 





High-resolution sonography of the neck was performed in 207 patients undergoing 
renal dialysis to determine the usefulness of sonography in the evaluation of secondary 
hyperparathyroidism. The sonograms in 62 (30%) of the patients showed enlarged 
parathyroid glands, with an average of 2.3 glands per patient. Both the number and size 
of enlarged glands were increased in patients who had been receiving dialysis treatment 
for more than 6 years. Of the patients who had enlarged parathyroid glands on sonog- 
raphy, only 61% had bone pain, and only 63% had evidence of hyperparathyroidism on 
bone radiographs. Serum levels of amino-terminal parathormone were within normal 
limits in 26% of these patients. In 14 patients who underwent total parathyroidectomy, 
the accuracy of sonography for the detection of enlarged parathyroid glands was 77% 
(40/52 lesions). 

Sonography is a valuable technique for the detection of enlarged parathyroid glands 
in patients with secondary hyperparathyroidism associated with renal dialysis. 


Secondary hyperparathyroidism, the cause of renal osteodystrophy, is a serious 
complication of renal dialysis. Early detection of the disease before clinical manifes- 
tations are evident is important so that treatment with vitamin D or calcium can 
be undertaken [1]. The serum concentration of carboxy-terminal parathormone can 
be used to detect hyperparathyroidism [2]. However, in dialysis patients, the 
concentration usually is increased without hyperparathyroidism because the end- 
stage kidney cannot catabolize the hormone [2]. 

Butch et al. [3] reported the use of high-resolution sonography of the neck for 
the initial imaging study in evaluation of parathyroid lesions. We performed sonog- 
raphy in 207 patients undergoing renal dialysis to evaluate its use in the early 
detection of secondary hyperparathyroidism. We correlated the findings of sonog- 
raphy with (1) the presence of clinical symptoms and (2) the results of bone 
radiographs and parathormone assays. 


Subjects and Methods 


Sonograms of the neck were obtained in 207 patients who were undergoing long-term 
intermittent hemodialysis. The patients included 110 men and 97 women, who were 20-78 
years old (mean, 46). The group consisted of 84 patients with chronic glomerulonephritis, 24 
with diabetic nephropathy, 23 with chronic pyelonephritis, 18 with toxemia of pregnancy, 17 
with malignant hypertension, and 41 with chronic renal failure of indeterminate cause. The 
patients had been on intermittent dialysis for periods ranging from 3 months to 13 years 
(mean, 5 years and 3 months). They were classified into four groups according to the duration 
of dialysis as follows: less than 3 years, 3-5 years, 6-8 years, and more than 9 years. 

Sonographic studies were performed without knowledge of the patients’ symptoms or the 
results of bone radiographs and parathormone assays. Sonograms were obtained via high- 
resolution real-time linear electric scanners (10-MHz Sonic scanner, Terumo Co., Tokyo, and 
7.5-MHz SSD 270, Aloka Co., Tokyo). Patients were positioned with their necks hyperex- 
tended so that the entire neck could be evaluated from the mandible to the thoracic inlet. The 
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neck in the area of the thyroid was examined first. If no enlarged 
parathyroid gland was detected, further evaluation of the neck above 
and below the thyroid was performed. Enlarged parathyroid glands 
were evaluated for number, site, and size. The presence of bone 
pain, results of bone radiographs, and serum levels of carboxy- 
terminal parathormone (obtained within 1 month of sonographic stud- 
ies) were recorded. Serum levels of amino-terminal parathormone 
were measured in patients in whom enlarged parathyroid glands 
were detected by sonography. We also correlated sonograms 
and the results of surgery in 14 patients who underwent total 
parathyroidectomy. 


Results 


Table 1 shows the numbers of patients with enlarged 
parathyroid glands detected by sonography and other indexes 
of hyperparathyroidism. None of the patients treated for fewer 
than 3 years had bone pain or findings of hyperparathyroidism 
on bone radiographs. The prevalence of both increased as 
the duration of dialysis increased. Eventually, 50 patients 
(24%) had bone pain, and 44 patients (21%) had changes of 
hyperparathyroidism on bone radiographs. Serum levels of 
carboxy-terminal parathormone were more than the upper 
limit of normal (0.5 ng/ml) in all patients. None of the patients 
treated for fewer than 3 years had levels higher than 10 ng/ 
ml. Sonography detected one or more enlarged parathyroid 
glands in 62 patients (30% of 207) who had been on dialysis 
treatment more than 2 years. These included three treated 
fewer than 3 years. The prevalence of patients with enlarged 
parathyroid glands increased gradually as the duration of 
dialysis increased. A significant difference was noted between 
the groups treated for fewer than 6 years and those treated 
for more than 6 years (p < .01). 
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Of the patients with enlarged glands, only 38 (61%) had 
bone pain, and only 39 (63%) had evidence of hyperparathy- 
roidism on bone radiographs (Table 2). Among these, 17 
(27%) had serum levels of carboxy-terminal parathormone 
less than 10 ng/ml, and 16 (26%) had serum levels of amino- 
terminal parathormone less than the upper normal limit of 
0.12 ng/ml. Although five patients with evidence of hyperpar- 
athyroidism on bone radiographs did not have enlarged para- 
thyroid glands on sonography, the serum levels of carboxy- 
terminal parathormone in these patients were less than 10 
but more than 0.5 ng/ml in two and 10-20 ng/ml in three. 
These five also had no evidence of enlarged parathyroid 
glands on CT or thallium-201 scintigraphy. 

Sonography detected one enlarged parathyroid gland in 15 
patients (24%), two enlarged glands in 22 (35%), three en- 
larged glands in 14 (23%), and four enlarged glands in 11 
(18%) (Table 3). No significant difference in the average 
number of enlarged glands was observed among the groups. 
Fifty-four enlarged parathyroid glands were behind the upper 
pole of the thyroid, 28 behind the middle pole, and 63 behind 
the lower pole. Sonography showed no enlarged parathyroid 
glands in other areas. The maximum diameter of enlarged 
glands varied from 4 to 26 mm. The average size was larger 
after the sixth year of dialysis (p < .01). 

Total parathyroidectomy was performed in 14 patients who 
had severe bone pain. Pathologic examination revealed 52 
lesions; 51 were chief-cell hyperplasia of the parathyroid 
gland, and one was metastasis to a lymph node (Table 4). 
Most resected glands were equal in size. The exceptions 
were three glands (in two patients) that were 10 mm larger 
than the others. Of the enlarged glands detected by sonog- 
raphy, 38 were behind the thyroid (Fig. 1), and two were 


TABLE 1: Sonographic Detection of Enlarged Parathyroid Glands in Patients on Renal Dialysis 
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Treatment Patients Bone Pain Bone >0.5-<10 10-20 >20 Gian 3 ön 
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<3 50 0 0 50 0 0 3 (6) 
3-5 54 6 (11) 3 (6) 48 4 2 9 (17) 
6-8 59 24 (41) 22 (37) 33 9 17 28 (47) 
=9 44 20 (45) 19 (43) 21 13 10 22 (50) 
Total 207 50 (24) 44 (21) 152 (73) 26 (13) 29 (14) 62 (30) 
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Note.—All numbers in parentheses are percentages. HPT = hyperparathyroidism, C-PTH = carboxy-terminal parathormone (upper normal limit, 0.5 ng/ml). 


TABLE 2: Characteristics of Renal Dialysis Patients with Enlarged Parathyroid Glands on Sonograms 
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Total 62 38 (61) 39 (63) 17 18 (29)  27(44)  16(26) 22 (35) 24 (39) 
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Note.—All numbers in parentheses are percentages. HPT = hyperparathyroidism, C-PTH = carboxy-terminal parathormone (upper normal limit, 0.5 ng/ml), 


N-PTH = amino-terminal parathormone (upper normal limit, 0.12 ng/ml). 


TABLE 3: Number and Size of Enlarged Parathyroid Glands on Sonography in Patients on Renal Dialysis 























Years of Dialysis No. of No. of Enlarged Parathyroid Glands Size (mm) 
Treatment Patients 1 2 4 Average Range Average 
eo 3 0 2 1 0 2g 4-7 5.9 
3-5 9 3 2 2 2 2.3 5-12 6.0 
6-8 28 8 9 6 5 2.3 5-25 10.6 
>9 22 4 9 5 4 2.4 5-26 11.0 
Total (%) 62 15 (24) 22 (35) 14 (23) 11 (18) 2.3 


juxtathyroidal. Sonography did not detect six glands (meas- 
uring 14-18 mm) that were juxtathyroidal, four that were 
intrathymic, and one that was paraesophageal. A metastatic 
lymph node behind the thyroid was interpreted as an enlarged 
parathyroid gland on sonography (Fig. 2). The accuracy of 
sonography for detecting an enlarged parathyroid gland was 
77% (40/52 lesions) in the patients who underwent surgical 
exploration. 


Discussion 


High-resolution real-time sonography performed by using a 
7.5- or 10-MHz transducer can provide better images of small 
parts in superficial organs. It can detect 85-90% of parathy- 
roid lesions, excluding ones in the mediastinum, retropharynx, 
retrotrachea, or other areas [3]. The results depend on size, 
particularly thickness, and the gland’s relation to surrounding 
structure. The average size of normal parathyroid glands was 
5 x 3 x 1mm in an autopsy series [4]. A normal parathyroid 
gland cannot be detected easily with even a 10-MHz scanner. 
However, an enlarged parathyroid gland located just behind 
the thyroid can be detected easily by high-resolution sonog- 
raphy. Sonography also can detect the enlarged juxtathyroidal 
parathyroid gland, but only when it is large enough to be 
visualized through the acoustic window provided by the thy- 
roid. Detection of the enlarged gland in other areas is rare, 
unless the gland is of considerable size. 

Sonography usually can distinguish enlarged parathyroid 
glands from thyroid nodules by the oblong or teardrop shape 
of the former and their location behind the thyroid [5]. Aspi- 
ration biopsy may be used to make the distinction if the 
indeterminate lesion is large enough to be punctured under 
sonographic guidance [6]. A hyperplastic parathyroid gland 
appears sonographically as a nodule with homogenous low- 
level echoes. Parathyroid adenomas generally have a similar 
appearance but tend to be more echogenic than hyperplastic 
glands [7]. Patients with secondary hyperparathyroidism do 
not always have symmetric enlargement of the parathyroid 
glands. Unequal enlargement has been reported in 30% of 21 
dialysed patients who underwent total parathyroidectomy. 
The unequal enlargement can be explained by the presence 
of nodular hyperplasia or adenomatous change [8]. Unequal 
enlargement, in addition to problems related to the locations 
of the glands, may be the reason that sonography fails to 
detect all enlarged glands in patients with secondary hyper- 
parathyroidism. 

Measuring the serum levels of carboxy-terminal parathor- 
mone may be less suitable for the detection of secondary 
hyperparathyroidism than sonography because the levels are 
raised in the absence of normal catabolism of the hormone in 


TABLE 4: Correlation of Pathology and Sonography of Enlarged 
Parathyroid Glands in 14 Patients on Renal Dialysis 
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Pathologic Examination Sonogram 
No. No. Lymph No. 
Site Side Parathyroid Node Enlarged 
Hyperplasia Metastasis Parathyroid 
(size, mm) (size, mm) Glands 
Behind upper pole 
of thyroid Right 8 (7-30) 8 
Left 6 (10-25) 6 
Behind middle pole 
of thyroid Right 4 (8-15) 4 
Left 4 (8-25) 4 
Behind lower pole 
of thyroid Right 9 (15-25) 9 
Left 7 (10-22) 1 (6) 8 
Juxtathyroidal Right 3 (15-20) 1 
Left 5 (14-24) 1 
Intrathymic Right 2 (15-20) 0 
Left 2 (10-13) 0 
Paraesophageal Right 1 (24) 0 
Total 51 1 41 





the kidneys [2]. Serum levels of amino-terminal parathormone 
do not depend on renal function, but measuring these levels 
also may be less suitable for early detection. It may under- 
estimate the secretory activity of the glands because of the 
hormone’s short half-life in the circulation [2]. 

High-resolution real-time sonography is superior to other 
imaging methods for the detection of enlarged parathyroid 
glands. Takagi et al. [9] compared imaging methods for the 
detection of enlarged parathyroid glands in secondary hyper- 
parathyroidism. Their results showed that sonography had a 
lower detection rate (43%) than CT (54%) or thallium-201 
scintigraphy (51%). The inferiority of sonography was due to 
failure to use a high-resolution real-time scanner. This method 
allowed a higher detection rate of enlarged glands in our 
series (77%). 

High-resolution real-time sonography is superior to CT or 
scintigraphy in providing images in more than one plane 
without radiation exposure. It is useful to screen patients who 
have been on dialysis treatment for more than 2 years, who 
are at risk for developing secondary hyperparathyroidism. 
Follow-up sonography also is useful for determining the effect 
of medical treatment of secondary hyperparathyroidism in 
patients undergoing dialysis. Furthermore, in patients who 
need subtotal or total parathyroidectomy, localization of all 
enlarged glands is important because intraoperative search 
for the glands is occasionally difficult. For preoperative eval- 


Fig. 1.—Sonograms (10 MHz) of a man who 
had been on renal dialysis treatment for 10 years 
show two enlarged parathyroid glands. His 
serum levels of carboxy-terminal parathormone 
was slightly elevated (4.4 ng/ml), and his level 
of amino-terminal parathormone was within nor- 
mal limits. He had no bone pain and no evidence 
of hyperparathyroidism on bone radiographs. T 
= thyroid, TR = trachea, C = carotid artery. 

A, B, Longitudinal and transverse sonograms, 
respectively, show hypoechoic mass (12 x 8 x 
6 mm) (arrows) behind right lower pole of thy- 
roid. 

C, D, Longitudinal and transverse sonograms, 
respectively, show hypoechoic mass (8 x 7 x 3 
mm) (arrows) behind left lower pole. 








Fig. 2.—Sonograms (7.5 MHz) of a woman who had been on renal dialysis treatment for 10 years show several masses thought to be enlarged 
parathyroid glands. She had clinical manifestations of hyperparathyroidism, with marked increase of serum carboxy-terminal parathormone (56 ng/ml) 
and a mild increase of serum amino-terminal parathormone (0.133 ng/ml). T = thyroid. 

A, Longitudinal sonogram through the left lobe of thyroid shows 20-mm hypoechoic mass (long arrows) behind middle pole and 8-mm mass (short 
arrows) behind lower pole. 

B, Longitudinal sonogram through lateral part of right lobe shows 20-mm mass (long arrows) behind upper pole and thyroid mass (short arrows ) in 
middle pole. 

C, Longitudinal sonogram through medial part of right lobe shows 6-mm hypoechoic mass (short arrows) behind lower pole in addition to mass behind 
upper pole (arrows) seen in B. 

Pathologic examinations after total parathyroidectomy showed that a mass behind the right lower pole was metastasis to lymph node from thyroid 
carcinoma. Other masses were hyperplasia of parathyroid. 
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uation, CT and thallium-201 scintigraphy may be necessary 4. 
to detect mediastinal, paraesophageal, or paratracheal en- 
larged glands, which cannot be detected by sonography [9]. 
These procedures are necessary for preoperative localization 6 
even in patients who have four enlarged parathyroid glands 
on sonography because 13% of the population may have 
more than four parathyroid glands [10]. 
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Primary Adrenocortical 
Carcinoma: Sonographic 
Evaluation with Clinical and Pathologic 


Correlation in 26 Patients 





The sonograms of 26 patients (19 adults and seven children) with pathologically 
proven diagnoses of primary adrenocortical carcinoma were evaluated. Clinical corrob- 
oration was obtained in all cases. The size of the lesions ranged from 3 to 22 cm. The 
five smaller lesions (3-6 cm) showed a homogeneous echo pattern, similar to renal 
cortical echogenicity. The 21 larger lesions varied in echo texture, having a heteroge- 
neous appearance with focal or scattered echopenic or echogenic zones representing 
areas of tumor necrosis, hemorrhage, and/or, rarely (19%), calcification. Even the largest 
lesions were fairly well delineated, often with a lobulated border. Few (7/26 or 27%) 
showed a surrounding echogenic thin capsulelike rim. All five small lesions showed 
clinical evidence of endocrine activity. Larger lesions were hormonally active less often 
(9/21 or 43%). Twelve patients (46%) showed no sign of endocrine activity and pre- 
sented with symptoms such as fever, weight loss, abdominal discomfort, abdominal 
mass, hematuria, and hypertension. In the pediatric and adolescent age group (0-16 
years), all tumors were hormonally active, while only seven (37%) of tumors in the adult 
population (17-69 years) were hormonally active. 

Unfortunately no echo pattern was characteristic enough to allow differentiation of 
adrenal adenoma from carcinoma. Smaller lesions are more likely to be benign, and 
larger lesions with areas of necrosis, hemorrhage, and calcification are more likely to 
be malignant. 


Adrenocortical carcinoma is a rare tumor that may arise from any of the layers 
of the adrenal cortex. It affects all ages and sexes and has a dismal prognosis 
[1]. Most reports of sonographic studies in the literature have been either case 
reports [2-4] or small series [5-9]. The report of the largest series describes the 
sonographic findings in 12 patients [10]. The adrenal region, once difficult to 
visualize on sonography, can now be imaged effectively because of advances in 
scanning techniques and the development of high-resolution real-time sector scan- 
ners [11]. 

We reviewed the records of the Johns Hopkins Hospital Oncology Center and 
the Armed Forces Institute of Pathology to examine the sonographic features and 
clinical presentation (hormonal activity, constitutional symptoms) in 26 patients with 
proved primary adrenocortical carcinoma. To our knowledge this is the largest 
series reported, and it includes children as well as adults. 


Materials and Methods 


The sonograms of 26 patients with pathologically proven diagnoses of primary adrenocor- 
tical carcinoma were evaluated. These patients were identified through a computer search of 
the files of the Johns Hopkins Hospital Oncology Center as well as through a review of all 
cases of primary adrenocortical carcinoma submitted to the Armed Forces Institute of 
Pathology between 1977 and 1985. In each case, the diagnosis had been confirmed 
pathologically on the basis of tissue obtained either by biopsy, surgery, or autopsy. All 
patients had a sonogram performed before tissue diagnosis or therapeutic intervention. Only 
sonograms of adequate quality were accepted. 
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Tumor characteristics evaluated included size and location, echo 
characteristics, necrosis or calcification, marginal definition, and evi- 
dence of metastatic dissemination (if it was assessed on the original 
Study). The sonograms were obtained by using various commercially 
available 3.5 or 5-MHz real-time sector scanners as well as static B- 
scanners. All sonograms were reviewed by four radiologists and then 
correlated with patterns of clinical presentation and pathologic spec- 
imens that were available. 


Results 


The carcinoma originated in the right gland in 14 patients 
and in the left gland in 12 patients. No cases of bilateral tumor 
involvement were observed. Tumor size ranged from 3 to 22 
cm (largest dimension), with a mean size of 13 cm. The 
patients ranged from 7 months to 69 years old, with a mean 
age of 33 years. Eighteen patients were female and 8 male. 
Eighteen patients were white, seven were black, and one was 
Hispanic. Seven patients were younger than 16 years old, 
and 19 were older than 16. Of the seven patients under 16, 
five had tumors less than 6 cm. The smallest tumor in this 
group was 3 cm, and the largest was 16 cm (mean tumor 
size, 7.4 cm). Of the 19 patients older than 16 years, six had 
tumors smaller than 10 cm, and 13 had tumors larger than 
10 cm. The smallest tumor in the adult group was 8 cm, the 
largest was 22 cm (mean tumor size, 14.5 cm). 

Sonography showed round or oblong masses in the region 
of the adrenal glands. Most lesions were fairly well defined, 
even the larger ones, and often they had slightly lobulated 
contours. Five smaller lesions (3-6 cm) showed a fairly ho- 
mogeneous echo texture, while the remaining 21 tumors, 
especially the large ones, had a heterogeneous echo pattern. 
Hypoechoic zones, either centrally located or diffusely inter- 
spersed throughout the lesion, corresponded to necrotic tu- 
mor on pathology and were seen in eight of the 21 patients 
(Fig. 1). In two of those eight patients the central necrotic 
area had a cystic appearance with septations and low-level 
echoes. In eight patients the echo pattern, although hetero- 
geneous, was predominantly echogenic, corresponding to 
necrotic and hemorrhagic tumor on pathology (Fig. 2). In the 
remaining five patients the echo pattern was mixed, showing 
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about equal amounts of echogenic and echopenic areas (Fig. 
3). Tumor calcification was seen in five of the 26 patients, 
consisting of either small bright echogenic foci or denser 
accretions of calcium with or without acoustic shadowing 
(Fig. 4). In one additional patient, CT showed evidence of 
small, faint calcifications, not appreciable on the sonogram. 
In seven patients a thick, echogenic, capsulelike rim, either 
partly or completely surrounding the lesion, was identified 
(Fig. 1). These capsules appeared separate from the sur- 
rounding organs or echogenic tumor tissue, and were seen 
in lesions of all sizes. In one patient, comparison with a CT 
scan showed enhancement of a capsulelike rim surrounding 
the tumor with IV contrast injection, which corresponded to 
the echogenic rim seen on the sonogram (Fig. 5). Two of the 
larger tumors showed marked compression of the ipsilateral 
kidney with extreme inferior and medial displacement (Fig. 6). 

In one patient, sonography gave a false-positive impression 
of inferior vena cava involvement (Fig. 7). The examination 
showed a large heterogeneous lobulated tumor with calcifi- 
cation arising from the right adrenal gland. There was marked 
anterior displacement of the inferior vena cava by the mass 
with apparent echogenic material partially filling the lumen. At 
surgery no tumor was identified within the inferior vena cava. 

On clinical presentation, 14 patients (54%) showed signs 
of hormonal activity (Table 1). The spectrum included adren- 
ogenital syndrome (four patients), Cushing’s syndrome 
(eight), precocious puberty (two), and virilizing effects (three). 
Twelve patients (46%) showed no sign of hormone production 
by the tumor, and their presentation included constitutional 
symptoms such as weight loss, abdominal discomfort and 
distension, presence of an abdominal mass, fever of unknown 
origin, hematuria, and new onset of hypertension. One patient 
presented with a metastatic neck mass. 

In 17 patients, several of these clinical symptoms were 
present simultaneously. All five of the smaller tumors (3-6 
cm) showed signs of hormonal activity, while only nine (43%) 
of the larger tumors (7-22 cm) were hormonally active (Table 
2). In the pediatric and adolescent age group (0-16 years) all 
tumors, regardless of size, were hormone secreting. In the 
adults (17-69 years), only seven patients (37%) (Table 2) had 
hormone-secreting tumors. 


Fig. 1.—Longitudinal sonogram of right adre- 
nal gland showing fairly well-defined heteroge- 
neous adrenocortical carcinoma. Hypoechoic 
zones (arrows) corresponded to necrotic tumor 
on pathology. K = right kidney. Thick echogenic 
capsulelike rim (arrowheads). 


Fig. 2.—Longitudinal sonogram of left adrenal 
gland showing adrenocortical carcinoma with 
heterogeneous, predominantly echogenic pat- 
tern, Corresponding to necrotic and hemorrhagic 
tumor on pathology. 
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Fig. 3.—A, Longitudinal sonogram and B, corresponding pathologic specimen of the left adrenocor- Fig. 4. Longitudinal sonogram of left adrenal 
tical carcinoma showing mixed echopattern with areas of hemorrhage (white arrows) and necrosis gland showing dense accretions of calcium (ar- 
(black arrows). rows) in left adrenocortical carcinoma. 


Fig. 5.—A, Transverse sonogram of right ad- 
renal gland showing thin echogenic capsulelike 
rim surrounding right adrenocortical carcinoma 
(arrowheads). 

B, CT scan with IV contrast injection shows 
enhancement of a capsulelike rim surrounding 
carcinoma (arrowheads), corresponding to ech- 
ogenic rim seen on sonogram. 





Fig. 6.—A, Longitudinal sonogram of 
left adrenal gland showing 20-cm left- 
sided adrenal carcinoma causing marked 
inferior displacement of the left kidney. 

B, Corresponding pathologic speci- 
men. T = tumor mass, K = kidney, S = 
spleen. 
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Fig. 7.—A, Longitudinal sonogram of right adrenal gland showing lobulated, large, right-sided adrenal carcinoma with calcifications (arrowheads) and 
marked anterior displacement of inferior vena cava by mass with apparent echogenic material filling lumen (arrows). 

B, Inferior vena cava showing marked anterior displacement by mass (arrowheads). 

C, Corresponding pathologic specimen of lobulated right adrenal carcinoma. 


TABLE 1: Endocrine Activity by Gender and Age 


Adults (17-69 Children (0-16 


Total series 











Endocrine = 26 years) years) 
aa FT (n = 19) (n=7) 
Males Females Males Females Males Females 
+ 4 (15) 10(38) 1 (5) 6(32) 3(43) 4(57) 
— 4 (15) 8(31) 4(21) 8(42) 0 (0) O (0) 


Notes.—+ = Endocrine-active (adrenogenital syndrome, Cushing's syn- 
drome, precocious puberty, virilizing effects). — = Not endocrine-active. Num- 
bers in parentheses are percentages. 


TABLE 2: Endocrine Activity by Lesion Size and Patient Age at 
Presentation 


Size of Lesion Patient age at 











Endocrine Presentation 
Activity  3-6cm 7-22cm 0-16 years 17-69 years 
(N=5) (9 =21) = (n=7) (n = 19) 
+ 5 (100) 9 (43) 7 (100) 7 (37) 
= O (0) 12 (57) 0 (0) 12 (63) 


Note.—+ = Endocrine-active (See Table 1). — = Not endocrine-active. 
Numbers in parentheses are percentages. 


Discussion 


Primary adrenocortical carcinoma is a rare malignancy with 
a reported incidence of about 2 per million per year. It ac- 
counts for only 0.2% of all deaths from cancer [1]. Childhood 
adrenocortical carcinoma, although extremely uncommon, is 
still the most common tumor occurring in the adrenal cortex 
[5, 7]. In experienced hands, sonography is an excellent 
screening method for delineating an adrenal tumor and will 


yield information about the internal consistency of the lesion 
[8, 9, 11-14]. Sonography can usually reveal the separation 
between an adrenal mass and a tumor originating in the liver 
or the upper pole of the kidney by characteristic displacement 
of the retroperitoneal fat planes [15]. However, if the lesion is 
large, cleavage planes may not easily be appreciated. 

Although some adrenal lesions such as cysts or hemor- 
rhage may show a characteristic sonographic pattern [2], 
most adrenal lesions do not exhibit a specific echo pattern 
[4]. Sonographically, the appearance of pheochromocytoma, 
metastases, adenomata, or carcinoma may be similar [11]. 
When small, most lesions present with a homogeneous echo 
pattern that usually becomes complex as the lesions grow, 
reflecting areas of necrosis or hemorrhage. When pheochro- 
mocytoma is suspected, biochemical studies will aid in the 
differentiation. In metastases, bilaterality as well as the knowl- 
edge of a primary neoplasm often are helpful features. Since 
more adrenal masses are being discovered incidentally in 
patients with no clinical or biochemical abnormality, distinction 
between an adrenal adenoma and a small carcinoma has 
become more difficult [11]. Masses larger than 3-4 cm have 
a greater probability of being malignant, but adenomata can 
exceed 5 cm in diameter, as well [6]. Even on histology, 
adenomata may be indistinguishable from well-differentiated 
adenocarcinoma [5, 6]. 

An obvious downward displacement of the ipsilateral kidney 
by large adrenal neoplasms has been reported [16], and this 
condition was seen in two of our patients with 18- and 20-cm 
lesions (Fig. 6). 

Because the right adrenal gland is located behind the 
inferior vena cava, a right adrenal mass may indent the 
posterior wall [9, 12]. In one patient this marked indentation 
of the inferior vena cava by a 14-cm right adrenal carcinoma 
erroneously created the appearance of intravascular tumor 
extension (Fig. 7), which was not found at surgery. 
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In seven patients an echogenic capsulelike rim around the 
tumor was observed. In one case, where comparison with 
CT was available, this rim correlated well with an enhancing 
capsule surrounding the mass that was visible with IV contrast 
injection (Fig. 5B); Fishman et al. [17] have suggested that 
this rim might represent a well-vascularized portion of the 
tumor and might be specific for carcinoma. This suggestion 
deserves further evaluation. 

The presence of calcification is not specific for adrenal 
carcinoma. It can be seen in both benign and malignant 
disease, and it does not aid in the differential diagnosis [18]. 

In our study, tumor sizes ranged from 3 to 22 cm. All 
smaller lesions (3-6 cm) were hormonally active, probably 
accounting for earlier detection, especially in females (Table 
1). Functional adrenocortical neoplasms have been mani- 
fested as Cushing's syndrome, the adrenogenital syndrome 
(virilization or feminization), precocious puberty, or, rarely, the 
clinical syndrome of hypertension with hypokalemic alkalosis 
(hyperaldosteronism) [1]. Except for the last, we observed all 
these clinical manifestations in our series. 

In the pediatric/adolescent age group, all patients pre- 
sented with endocrine symptoms (Table 1): virilization in the 
girls and signs of precocious puberty in the boys. Three 
children also showed signs of Cushing's syndrome, an en- 
docrine abnormality most commonly caused by adrenocortical 
carcinoma in childhood [1]. The mean age of presentation in 
this group (1.8 years) was lower than the mean reported by 
Daneman et al. [7]. In the adult population, only 37% of 
patients presented with endocrine abnormalities; this was 
probably related to a larger mean tumor size and a more 
advanced patient age at the time of presentation. 

The marked improvement in scanning procedures and tech- 
nical developments has allowed visualization of the normal 
and abnormal adrenal gland to be achieved by sonography in 
most patients. No single criterion exists to help resolve the 
differential diagnosis between benign and malignant adrenal 
lesions. If an adrenal mass of considerable size is incidentally 
discovered on sonography, careful evaluation of the entire 
abdomen for evidence of dissemination of a malignant tumor 
should be performed. When an adrenal tumor is suspected 
on clinical grounds, sonography will allow rapid, noninvasive 
confirmation and localization of a lesion, serve as a guide to 
percutaneous needle aspiration biopsy [6], and assess meta- 
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static spread preoperatively. Unfortunately, no echo pattern 
is specific enough to allow differentiation of adrenal adenoma 
from a small carcinoma in the absence of metastatic spread. 
Smaller lesions are statistically more likely to be benign ad- 
enomata, and larger masses with areas of necrosis, hemor- 
rhage, and/or calcification will probably be malignant. 
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Cancer in Atomic Bomb Survivors. Edited by Itsuzo Shigematsu and Abrahama Kagan. New York: Plenum, 196 


pp., 1986. $55 


The well-known and well-reported studies on health and survival 
of the atomic bomb casualities of Hiroshima and Nagasaki are contin- 
uing. This monograph by the Japanese Cancer Association describes 
the methods and difficulties of the studies to date, as well as the 
current evaluation. No doubt this monograph will be an important 
source for writers on the subject of radiation oncogenesis for years, 
but unfortunately it is difficult reading for one with casual interest in 
the subject. The many technical problems in setting up the population 
samples to be studied and the dosimetric problems encountered 
require two detailed chapters. Considerations include where the 
individual was at the time of the blast (ATB), whether inside or outside 
the building, whether they stayed or reentered the critical area, age 
ATB, gender, accuracy of follow-up, and establishing a control pop- 
ulation. Dosimetric investigations over the years have included con- 
struction of typical Japanese houses at the Nevada Test Site for 
simulation studies. Another interesting approach to dose-measure- 
ment has been studies of cobalt traces in construction iron in the 
target cities. Neutrons emitted ATB caused some 5Co — ®Co 
transformation providing a measure of neutron flux. The height of the 
bomb above the surface is obviously important, as are the wind, 
humidity, bomb construction and yield, and radiation spectrum. Stud- 
ies of dosimetry continue to this day. It seems generally agreed that 


dosimetric measurements are probably fairly accurate (within 30% at 
the most at certain distances) and that the important irradiation at 
both Nagasaki and Hiroshima was gamma, not neutrons, to the 
survivors. 

The increased incidence of leukemia and solid tumors has been 
reported many times. The excess leukemia incidence noted early has 
declined over the years but is still observed. Some increase in 
incidence of most solid tumors continues. Exceptions are cancers of 
pancreas, rectum, uterus, and malignant lymphoma. This latter group 
has about the same incidence in the survivor group as in the control 
group. For the most part, the distribution of tissue types of cancers 
in the exposed population is similar to that seen in the unexposed 
population. 

Cancer in Atomic Bomb Survivors is an important reference book 
and each chapter has an extensive pertinent bibliography. It will be a 
favorite source for numerous publications over the next few years 
and, as such, it should be available in medical libraries, although 
probably not on your personal bookshelf. 


William A. Wilcox 
Okinawa Chubu Hospital 
Okinawa, Japan 
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Adrenal Myelolipoma: Diagnosis by Fine-Needle Aspiration 


Jeffrey D. Gould,’ Harold A. Mitty,’ Demetrius Pertsemlidis,” and Arnold H. Szporn® 


Myelolipoma is a benign, biochemically nonfunctioning ad- 
renal mass composed of fatty tissue and myeloid and eryth- 
roid elements. It is a rare clinical entity. Most cases are 
discovered incidentally at autopsy [1]. Premortem diagnosis 
after surgical exploration to exclude adrenal malignancy has 
been described [2]. Myelolipoma may be suspected on the 
basis of the characteristic presence of fat on sonography or 
CT. In asymptomatic individuals, the results of fine-needle 
aspiration biopsy can be used to establish the diagnosis and 
eliminate the need for surgery. 


Case Report 


On a routine physical examination, a 63-year-old asymptomatic 
white man was found to have a distended abdomen with localized 
fullness in the right upper quadrant. The liver was palpable 7 cm 
below the right costal margin. His medical history was unremarkable. 

Abdominal CT performed after administration of oral and IV con- 
trast showed a round, sharply marginated right suprarenal mass 
measuring 5.5 x 4.0 x 5.0 cm (Fig. 1). The right kidney, from which 
the lesion was clearly separable, had been displaced inferiorly. The 
mass was solid and consisted of variably enhancing soft-tissue 
densities with scattered foci of calcification. A well-defined fatty 
component was seen in the left posterior aspect of the lesion. 

The results of routine laboratory studies and urinalysis were un- 
remarkable. The plasma level of cortisol was 17 „g/dl, and the amount 
of free cortisol in the urine was 41.8 «g/24 hr. In 24-hr urine speci- 
mens, levels of metanephrine, vanillymandelic acid, 17-hydroxyste- 
roids, and 17-ketosteroids were normal. 

Fine-needle aspiration biopsy was performed under fluoroscopic 
guidance. The patient was given a local anesthetic, and a 15-cm, 23- 
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gauge Chiba needle was inserted into the mass aseptically via a 
direct posterior approach. The CT scan and fluoroscopically visible 
calcifications within the lesion served as further localization for the 
biopsy. 

The aspirated specimen consisted primarily of normal hemato- 
poietic elements, including cells of the myeloid, erythroid, and lymph- 
oid lines and megakaryocytes (Fig. 2). The cells showed a range of 
maturation. No malignant cells were present. The cytologic findings, 
specifically the presence of megakaryocytes, and the CT evidence of 
fat are consistent with the diagnosis of adrenal myelolipoma. 


Discussion 


Myelolipoma is an uncommon adrenal lesion. The reported 
incidence at autopsy ranges from 0.08% to 0.2% [1]. It is 
characteristically small (<5 cm) but varies in size from micro- 
scopic foci to 8 cm in diameter [3]. Several “giant” masses 
have been reported [4]. The age range of affected individuals 
is 20-90 years; most are in their fourth to sixth decade [5]. 
Patients are typically asymptomatic, although abdominal or 
flank pain may occur in larger tumors because of hemorrhage, 
necrosis, or mechanical compression of surrounding struc- 
tures [3, 5]. Myelolipoma has no recognized malignant poten- 
tial. The results of adrenal function tests remain normal. 

The cause of myelolipoma, which may or may not represent 
a true neoplasm, is uncertain. It is thought to arise in the zona 
fasciculata of the adrenal cortex. Previously proposed theo- 
ries of origin have included ectopic bone-marrow formation or 
extramedullary hematopoiesis [3, 4, 6]. Others have postu- 
lated embolism of hematopoietic stem cells or simple hamar- 





‘Department of Radiology, Mount Sinai Medical Center, One Gustave L. Levy PI., New York, NY 10029. Address reprint requests to H. A. Mitty. 


2Department of Surgery, Mount Sinai Medical Center, New York, NY 10029. 
3Department of Pathology, Mount Sinai Medical Center, New York, NY 10029. 


AJR 148:921-922, May 1987 0361-803X/87/1485-0921 © American Roentgen Ray Society 


922 GOULD ET AL. 





toma [3]. The currently preferred theory involves metaplasia 
of reticulum cells, the stimulus for which is unclear [1, 3, 4]. 
Several authors [4, 5] have noted an association between 
myelolipoma and various concurrent but chronic illnesses, 
including hypertension, cardiovascular disease, pyelonephri- 
tis, peptic ulcer disease, diabetes mellitus, and other endo- 
crine disturbances. 

Microscopically, adrenal myelolipoma consists of hemato- 
poietic and lipoid cells, with reticulum cells in the fatty areas 
[3]. Hemorrhage or calcification also may be present. The 
presence of myeloid precursors, specifically megakaryocytes, 
in the biopsy specimen of a fat-containing adrenal mass 
permits the specific diagnosis of myelolipoma and effectively 
excludes other possibilities [7]. 

CT and sonography are more sensitive than plain-film ra- 
diography and are valuable techniques in the imaging and 
diagnosis of fatty tumors of the adrenal gland. Fatty lesions 
are solid and usually quite echogenic on sonography and have 
characteristic attenuation numbers on CT. The CT or sono- 
graphic appearance of myelolipoma depends on the relative 
percentage of its constituents. When hemorrhage, calcifica- 
tion, or myeloid material in a myelolipoma is extensive, the 
tumor's fat content may not be recognized easily on sono- 
grams or CT scans [5, 8]. Such a mass may be radiographi- 
Cally indistinguishable from other adrenal neoplasms, includ- 
ing adrenal carcinoma. The specific sonographic or CT diag- 
nosis of adrenal myelolipoma can only be suggested by the 
presence of mature fat [5]. 

The first case of adrenal myelolipoma confirmed by fine- 
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Fig. 1.—Contrast-enhanced CT scan shows ovoid right 
adrenal mass containing discrete calcifications and round 
fatty component (arrow). 


Fig. 2.—Photomicrograph of material obtained by fine- 
needle aspiration shows megakaryocyte with character- 
istic lobulated nucleus. (Papanicolaou stain, x400) 


needle aspiration was described by DeBlois and DeMay in 
1985 [2]. Diagnosis by fine-needle aspiration has been re- 
ported since by Galli and Gaboardi [7] in the urologic literature. 
We report an additional case of myelolipoma diagnosed non- 
surgically by fluoroscopically-guided fine-needle aspiration. 
Although sonography and CT can facilitate the preoperative 
diagnosis of adrenal myelolipoma, fine-needle aspiration bi- 
opsy of the adrenal gland is a procedure with little associated 
morbidity that can obviate surgical exploration of this benign 
entity. 


REFERENCES 


1. Olsson CA, Krane RJ, Klugo RC, Selikowitz SM. Adrenal myelolipoma. 
Surgery 1973;73: 665-670 

2. DeBlois GG, DeMay RM. Adrenal myelolipoma: diagnosis by computed 
tomography-guided fine-needle aspiration: a case report. Cancer 
1985;55 : 848-850 

3. Desai SB, Dourmashkin L, Kabakow BR, Leiter E. Myelolipoma of the 
adrenal gland: case report, literature review and analysis of diagnostic 
features. Mt Sinai J Med 1979;46 : 155-159 

4. Fernandez-Sanz J, Galera H, Garcia-Donas A, et al. Adrenal myelolipoma 
simulating a retroperitoneal malignant neoplasm. J Urol 1981-126: 
780-782 

5. Vick CW, Zeman RK, Mannes E, et al. Adrenal myelolipoma: CT and 
ultrasound findings. Urol Radio! 1984;6 : 7-13 

6. Ishikawa H, Tachibana M, Hata M, et al. Myelolipoma of the adrenal gland. 
J Urol 1981;126 : 777-779 

7. Galli L, Gaboardi F. Adrenal myelolipoma: report of diagnosis by fine needle 
aspiration. J Urol 1986;136 : 655-657 

8. Tsukaguchi I, Soto K, Ohara S, et al. Adrenal myelolipoma: report of a 
case with CT and angiographic evaluation. Urol Radio! 1983:5 : 47-49 


Harold J. Schneider’ 
Mark A. Weiss? 
Peter J. Stern® 


Received August 18, 1986; accepted after revi- 
sion November 20, 1986. 


' Department of Radiology, University of Cincin- 
nati Hospitals, C. R. Holmes Division, Eden and 
Bethesda Aves., Cincinnati, OH 45219. Address 
reprint requests to H. J. Schneider. 


2 Department of Pathology, University of Cincin- 
nati Medical Center, Cincinnati, OH 45267. 


3 Department of Orthopaedic Surgery, University 
of Cincinnati Hospitals, Cincinnati, OH 45267. 


AJR 148:923-925, May 1987 
0361-803X/87/1485-0925 
© American Roentgen Ray Society 


923 


Silicone-Induced Erosive 
Arthritis: Radiologic Features in 
Seven Cases 





As silicone polymer implants are used more widely for arthroplasty of the wrist, hand, 
and foot, the complication of silicone-induced erosive arthritis in these areas is being 
recognized with increasing frequency. Pathologically, there is a chronic foreign-body 
type of inflammation with both intra- and extracellular silicone particulate debris. We 
report seven cases with this complication in various locations, showing distinctive 
radiographic findings. These include well-defined marginal articular erosions and sub- 
chondral cysts with marginal sclerosis; normal mineralization; and deformity, dislocation, 
or decrease in the size of the silicone implant. Prompt recognition of this complication 
is important, because surgical removal of the silicone implant terminates the progressive 
and destructive process. 


Since the first successful use of flexible silicone implants for replacement of 
small bones and joints by Swanson [1] in 1968, the silicone implants have been 
used in increasing numbers [2]. Silicone is an excellent material for use as a 
prosthesis because of its relative biological inertness, flexibility, and durability [3, 
4]. Rarely, the implant causes a foreign-body synovitis with bone destruction [5- 
8]. We describe the radiologic findings in seven such patients. 


Materials and Methods 


Radiographs were reviewed of seven patients who developed foreign-body synovitis after 
a silicone implant (Wright Dow Corning, Arlington, TN). There were six women and one man, 
who were 31-52 years old. Four women had silicone-implant arthroplasties for disabling 
primary osteoarthritis at the first carpometacarpal joint. All did well initially after surgery, but 
within a period of 4-18 months they had recurring symptoms of disabling pain, local swelling, 
and limitation in motion of the thumb. One woman had an arthroplasty for osteoarthritis of 
the first metatarsophalangeal joint only to have symptoms recur 42 months later. The last 
woman was symptom free until 1 year after radiocarpal-prosthesis insertion for rheumatoid 
arthritis. The man had a scaphoid implant of the wrist for nonunion, with subsequent 
development of severe pain and local tenderness 27 months after surgery. 

Six of the seven patients had surgical removal of the silicone implant. All of the implants 
were deformed with a diffusely abraded surface and fracture indicative of mechanical stress 
exceeding the work threshold of the implant. In all six surgical cases cultures were negative. 
After implant removal, the pain and swelling resolved in all cases. 


Results 


All seven patients showed a nonspecific periarticular soft-tissue swelling, articu- 
lating bony margin erosions, deformity of the prosthesis, and altered alignment of 
the joint. 

The osseous erosions after a silicone-implant arthroplasty occurred initially along 
the lateral margin of the bone opposite the implant with later extension to the 
central margin of the articulating bone. As destruction increased, small cystlike 
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changes in the articulating margin were common, often with 
overhanging marginal spurs (Fig. 1). Three of the seven 
patients showed bony erosions laterally under the articulating 
surface of the joint prosthesis. In one patient, permeative 
osteolytic lesions developed adjacent to the fixation peg of 
the silicone implant (Fig. 2). With carpal implants, the destruc- 
tive changes involved a longer articulating segment in the 
opposing bones from the onset. 

Intraosseous cysts with an intact articulating margin oc- 
curred in four of the seven patients (Fig. 2). In two of these 
four patients the intraosseous cysts were 1-3 cm in diameter. 
One of these two had multiple large-bone cysts (Fig. 3). 

Reactive sclerosis occurred at the transition between de- 
stroyed and normal bone in six of the seven patients. The 
marginal sclerosis appeared as either a thin, well-defined line 
or an irregular band. 

The contour of the silicone implant was altered in all seven 
patients. The radiographs failed to show a fracture in two of 
the six implants in which fractures were documented at 
surgery. No patient had periostitis or osteoporosis. 


Discussion 


The development of flexible silicone implants for use in 
small joints has been a major achievement. Unlike silicone, 
pure plastic polymers do not have the durability to endure the 
stress and strain required at most replacement sites [3]. 
Adding silicone to the polymer greatly enhances durability 
without causing adverse mechanical effects (Frisch EE, un- 
published data). The breaking point of a silicone implant is 
exceeded in less than 1% of patients. 

If the silicone implant breaks and disintegrates, the free, 


Fig. 1.—Silicone-induced erosive ar- 
thritis of left carpometacarpal joint in 
52-year-old woman 18 months after sil- 
icone implant for osteoarthritis. 

A, Radiograph immediately after ar- 
throplasty shows implant (arrowhead). 

B, Radiograph 22 months later 
shows fracture and deformity of im- 
plant (arrowhead), small central ero- 
sions of articulating surface of first 
metacarpal bone, and cystic erosions 
of first and second metacarpal bones. 
Subluxation at joint and abduction of 
thumb have occurred. 


Fig. 2.—Silicone-induced erosive ar- 
thritis of first metatarsophalangeal joint 
in 42-year-old woman 42 months after 
silicone-implant for posttraumatic os- 
teoarthritis. Radiograph shows de- 
formed silicone implant with lateral 
subluxation at first metatarsophalan- 
geal joint. Irregular erosion of distal end 
of first metatarsal bone and multiple 
subchondral cysts are seen. Diffuse 
permeative rarefaction is present be- 
tween poorly visible prosthetic fixation 
stem within central diaphysis and en- 
dosteal surface of cortex of proximal 
phalanx (arrowhead). Slight medullary 
reactive sclerosis just beyond tip of 
stem (arrow). 
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tiny silicone fragments come into contact with the synovium, 
cartilage, and bone, and cause irritation. If the particulate 
matter becomes embedded in the synovium, it causes marked 
hyperplastic synovitis. Later, due either to adherence of the 
thickened synovia to the articulating surfaces or deposition 
of silicone debris directly on the bone and cartilage, the bone 
and cartilage are destroyed and replaced with fibrous tissue. 
This produces well-marginated bony erosions that frequently 
appear cystic [9-11]. Rarely, shearing occurs along the fixa- 
tion stem of the silicone implant within the bone. In this case, 
the extruded free silicone particles produce permeative or 
bandlike areas of bone destruction adjacent to the fixation 
stem [12]. 

Pathologically, silicone particles may be found within histio- 
cytes or foreign-body giant cells, as well as in the extracellular 
fibrous stroma of the synovium (Fig. 4). Similar findings are 
seen at the site of bone destruction and intraosseous cysts 
(Fig. 5). Occasionally, cysts larger than 1 cm may contain 
amber-colored fluid [13]. 

The radiographic features of early silicone-induced synovitis 
are nonspecific and are similar to those of other types of 
erosive arthritis. Subsequent findings of a deformed or frac- 
tured silicone implant in association with sharply marginated 
erosions of the articulated bone, reactive sclerosis of adjacent 
normal bone, and intraosseous subchondral cysts suggest 
the presence of silicone-induced erosive arthritis. 

Difficulty may occur in the detection of silicone-induced 
arthritis when the implants are used in patients with rheuma- 
toid arthritis. However, when changes are due to rheumatoid 
arthritis, the involved joint commonly has erosive margins that 
are not as well demarcated. Reactive marginal sclerosis is 
uncommon, and osteopenia is prominent. 


AJR:148, May 1987 


Fig. 3.—Silicone-induced erosive ar- 
thritis of right wrist in 39-year-old man 
27 months after scaphoid implant for 
old fracture with nonunion and second- 
ary traumatic osteoarthritis. 

A, Radiograph shortly after scaphoid 
implant replacement shows minimal 
secondary degenerative arthritis and 
posttraumatic osteoporosis. 

B, Radiograph 27 months after sur- 
gery shows prominent scaphoid rota- 
tion with malalignment of adjacent car- 
pal bones. Small marginal and sub- 
chondral erosions with cystic changes 
are seen in trapezium, trapezoid, and 
distal radius. There is a 1-cm cyst in 
trapezium (arrow) and 2-cm cyst in dis- 
tal radius (arrowhead). Long, broad, 
bandlike rarefaction involves radial 
margin of capitate. 


Fig. 4.—Microscopic section of hy- 
perplastic synovium shows lympho- 
cytes, macrophages, and numerous 
foreign-body giant cells containing 
slightly refractile silicone particles (ar- 
rowheads). (H and E, x200) 

Fig. 5.—Microscopic section of ar- 
ticulating margin of head of first meta- 
tarsal bone at metatarsophalangeal 
joint. Articular cartilage (C), which is 
markedly degenerated, and subchon- 
dral bone (B) are destroyed by granu- 
lation tissue containing silicone parti- 
cles (arrows). Reactive, newly formed 
bone also contains abundant dark sili- 
cone particles (arrowheads). (H and E, 
x40) 


The cystic form of gout may resemble silicone-induced 
erosive arthritis when a bone spur occurs at the joint margin 
but the presence of a deformed prosthesis suggests the 
diagnosis of silicone-induced arthritis [14]. 

Infection in the presence of a silicone prosthesis may be 
difficult to distinguish from silicone-induced erosive arthritis. 
With infection, osteopenia and periostitis are common. De- 
struction of articulating bony margins is diffuse, osseous 
erosions are not sharply marginated, and cystic lesions are 
uncommon. There may be loosening and displacement of the 
implant, but fracture or deformity of the implant does not 
occur [15, 16]. 
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Skeletal Development of the Wrist and Hand in Macaca mulatta and Man: A Roentgenographic Atlas. By Maria 
Michejda. Basel, Switzerland: Karger, 124 pp., 1987. $192.25 


This radiographic atlas of skeletal maturation adds an interesting 
evolutionary perspective to the evaluation of pediatric hand and wrist 
films. The book is a compilation of radiographic data that provides 
Standards of reference and age indicators for the complete skeletal 
development of the wrist and hand of the rhesus monkey (Macaca 
mulatta). Particular attention is paid to the comparability of the de- 
velopment of the wrist and hand of the rhesus monkey with matura- 
tion of the human hand from birth to 19 years of age. On the basis 
of longitudinal radiographic studies, the author thus covers the entire 
developmental life span of the rhesus monkey and man. 

The atlas includes two major sections. The first data are derived 
from longitudinal radiographic examinations of carpal and metacarpal 
bone ossification in male and female monkeys of known age through- 
out their life span. In the second section, these data are compared 
with human skeletal age standards. 

Specific advantages of the book are the inclusion of 108 well- 
described figures and 20 informative tables, superb organization with 
ready access to specific topics via a comprehensive table of contents 
and index, and an extensive reference list containing both radiologic 
and anthropologic citations. From an anthropologic perspective, the 
atlas allows precise dating of M. mulatta of unknown generation 
according to objective skeletal age criteria (ossification and matura- 
tion of carpal and metacarpal bones). The establishment of skeletal 
age standards from birth to maturity of a nonhuman primate consti- 
tutes a unique contribution to the literature. Of particular benefit to 
the radiologist is the capability for using the book as a guide to clinical 
bone-age determinations. In addition, it provides an accurate basis 
for interesting comparisons between animal and human skeletal 


development. 

Specific disadvantages of the atlas include its somewhat unwieldy 
page size (11 x 12 in.; 28 x 30.5 cm), the small size and suboptimal 
quality of many of the radiographic reproductions, and the rather 
coarse nature of accompanying line drawings. The book most closely 
resembles the well-known Radiographic Atlas of Skeletal Develop- 
ment of the Hand and Wrist by W. W. Greulich and S. J. Pyle (Stanford 
University Press, Stanford, CA, 1959) in its style and practical utility, 
but the illustrations in the Greulich and Pyle book are generally of 
higher quality. However, the earlier atlas contains more extraneous 
information and is thus potentially less convenient to use for bone- 
age determinations. 

Pediatricians dealing with growth and development, primatologists, 
physical anthropologists, teratologists, anatomists, investigators of 
the aging process, zoologists, veterinarians, reproductive physiolo- 
gists, and scientists using primates in research will find this atlas 
highly useful and beneficial in their work. Although it has practical 
appeal primarily for pediatric and osteoradiologists, the generalist will 
also find the book valuable for skeletal age determinations. Individuals 
with specific interests in paleopathology and human evolution will 
appreciate its innovative comparative approach. Although the atlas is 
relatively expensive, it would constitute a reasonable investment for 
the reference library of any radiology department. 
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Osteomyelitis Complicating 
Fracture: Pitfalls of ‘In Leukocyte 
Scintigraphy 





“tn-labeled leukocyte imaging has shown greater accuracy and specificity than 
alternative noninvasive methods in the detection of uncomplicated osteomyelitis. Forty 
patients with suspected osteomyelitis complicating fractures (with and without surgical 


intervention) were evaluated with 'in-labeled leukocytes. All five patients with intense 


focal uptake, but only one of 13 with no uptake, had active osteomyelitis. However, mild 
to moderate ‘In leukocyte uptake, observed in 22 cases, indicated the presence of 


osteomyelitis in only four of these; the other false-positive results were observed in 


noninfected callus formation, heterotopic bone formation, myositis ossificans, and 


„sickle-cell disease. 


These results suggest that ''In-labeled leukocyte imaging is useful for the evaluation 
of suspected osteomyelitis complicating fracture but must be used in conjunction with 
clinical and radiographic correlation to avoid false-positive results. 


Active osteomyelitis and septic arthritis require prompt treatment to prevent or 


| minimize irreversible sequelae. The radiographic manifestations of acute osteomye- 


litis, in particular, may not be detectable for up to 3 weeks after the onset of clinical 
symptoms [1]. Consequently, more rapid means of establishing the diagnosis are 
required. 

Three-phase radionuclide bone imaging followed by gallium imaging has been 
used in evaluating osteomyelitis. Most reports indicate that combined bone and 
gallium imaging improves specificity, but even the. combined approach yields 
imperfect results [2, 3]. Furthermore, the specificity of bone or gallium imaging 
decreases significantly when osteomyelitis occurs in areas of healing fracture, 
surgical change, or neurotrophic osteopathy [2]. The search for a more. specific 
agent to better identify pyogenic infection, particularly in bone, has led to the use 
of WBCs labeled with ‘In oxine. Recent data on the clinical use of ‘In leukocytes 
indicate enhanced accuracy and specificity in the detection of osteomyelitis [4, 5]. 

We report our early experience with ‘In leukocyte imaging in the evaluation of 
suspected osteomyelitis complicating areas of fracture. In particular, we will docu- 
ment some potential pitfalls associated with “false-positive” uptake of ‘In leuko- 
cytes by several noninfectious processes. 


Materials and Methods 


We retrospectively reviewed the ‘In leukocyte scans of 40 consecutive trauma patients 
to evaluate clinically suspected osteomyelitis in areas of fracture, with or without surgery. 

All patients were adults who had had fractures 5-113 days (average, 40) before leukocyte 
imaging. Most of them had been involved in motor vehicle accidents, and all fractures were 
comminuted. Initial radiographs were inconclusive for osteomyelitis in all patients. 

The methods for harvesting leukocytes from 40 mi of freshly drawn blood and labeling 
with 0.5-1.0 mCi (18.5-37.0 MBq) "in oxine are standard [6], and the amount of activity 
injected IV was 0.5-0.8 mCi (18.5-29.6 MBq) depending on the cell-labeling yield. Multiple 
static images were obtained routinely at 20-24 hr, and occasionally at 4 hr, after administration 
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with a large-field-of-view camera with a medium-energy collimator 
and 20% windows set on the 173- and 247-keV photopeaks. A 
minimum of 100,000 counts was obtained for each image of an 
extremity. Positive findings were visually graded as mild, moderate, 
or marked uptake compared with the activity in adjacent or compa- 
rable contralateral bones. Mild uptake indicated activity slightly 
greater than that in the reference bone. Marked uptake indicated 
focal, intense activity, and moderate uptake was between these 
extremes. Scans were interpreted by three experienced nuclear 
physicians without benefit of clinical, pathologic, or other imaging 
data, and positive findings were graded by either a consensus of all 
three or, when necessary, the opinion of the majority. Interobserver 


TABLE 1: Results of ‘In Leukocyte Scanning Correlated with 
Final Diagnosis 


T 




















Uptake: No. of 
Diagnosis Patients 
Marked: 
Osteomyelitis 5 
Moderate: 
Osteomyelitis 1 
Heterotopic bone 1 
Metastasis 1 
Subtotal 3 
Mild: 
Callus formation 11 
Osteomyelitis 3 
Myositis ossificans 3 
Heterotopic bone 1 
Sickle-cell disease 1 
Subtotal f 19 
No uptake: 
Callus formation 11 
Tuberculous osteomyelitis 1 
Sarcoma 1 
Subtotal 13 
Total 40 
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variation occurred only in grading mild or moderate uptake, and it 
was less than 10%. 

A final diagnosis was established by reviewing medical records. 
Seventeen of the 40 patients had percutaneous biopsy (with either 
aspiration or trephine technique) and subsequent culture. The other 
23 patients were diagnosed on the basis of clinical and radiographic 
follow-up examinations at 3-15 months (average, 9). All patients had 
received initial antibiotic therapy before leukocyte imaging. 


Results 


The results of the '''In leukocyte scans correlated with final 
diagnoses are shown in Table 1. Five of 10 cases of osteo- 
myelitis showed markedly abnormal uptake of ‘In leuko- 
cytes, and these patients were positive for Staphylococcus 
aureus. The leukocyte scan missed one case of chronic 
tuberculous osteomyelitis. Mild to moderate '''In leukocyte 
uptake, observed in 22 cases, indicated the presence of 
osteomyelitis in only four of these. Three of them had staph- 
ylococci, and one showed Pseudomonas bacteria. Nonin- 
fected heterotopic bone formation, myositis ossificans, callus 
formation, and juxtaarticular areas in patients with sickle-cell 
anemia showed intermediate levels of uptake of ''In leuko- 
cytes. Representative true-positive, false-positive, and true- 
negative scans are illustrated in Figures 1-4. 


Discussion 


Detection of pathologic processes by '''In leukocyte scans 
is based on the demonstration of increased activity in dis- 
eased areas through the reactive migration of labeled WBCs. 
The infection probably starts in the soft medullary tissues. In 
the early stage there is hyperemia, a change in capillary 
permeability, and edema. Granulocytic leukocytes soon infil- 
trate the area in most types of infection. The fate of osteo- 
myelitis depends on many factors including the virulence of 
the organism, the resistance of the host, and the integrity of 
the blood supply. 

A variety of noninfected lesions may produce positive leu- 


Fig. 1.—True-positive leukocyte scan in feb- 
rile patient with fracture involving midshaft of left 
femur. Metallic fixation had been applied 3 
weeks earlier. 

A, Radiograph of left knee. Osteomyelitis was 
Clinically suspected with osteoporosis in proxi- 
mal tibia at site of amputation. 

B, 24-hr image of both knees with "In leu- 
kocytes (30 hr after A). Markedly increased ac- 
tivity in distal left femur and proximal left tibia. 
Biopsy of left tibia 2 days later revealed osteo- 
myelitis, and culture was positive for Staphylo- 
coccus. 
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Fig. 2.—False-positive leukocyte scan in febrile patient with pelvic fractures. 
A, Radiograph of right knee shows myositis ossificans along medial border of distal femur. 
B, 24-hr "In leukocyte image of thigh. Focal increased activity (arrow) in area of myositis 


ossificans. Osteomyelitis was clinically excluded. 





A B 


Fig. 4.—True-negative leukocyte scan. 


Fig. 3.—False-positive leukocyte scan in feb- 
rile patient with spinal fracture and sickle-cell 
anemia. '"'In leukocyte image of lower leg shows 
increased activity in left proximal tibia (arrow). 
Radiographs and biopsy of left proximal tibia 3 
days later failed to reveal osteomyelitis. 





A, Blood-pool image of thigh with *"Tc methylene diphosphonate shows focal increased vascularity (arrow) in area of right upper thigh. 
B, Delayed static image of anterior pelvis and upper thigh shows markedly increased activity (arrow) in fracture site of right proximal femur, suggesting 


osteomyelitis. 


C, 24 hr ‘In leukocyte image of anterior pelvis and thigh (2 days after bone scan) shows photon-deficient area (arrow) in right proximal femur, 
corresponding to area of increased activity on bone scan. Biopsy 2 days later failed to reveal osteomyelitis. 


kocyte images. The mechanism of abnormal uptake of '"'In 
leukocytes at noninfected healing fracture sites is unknown. 
Such uptake appears to occur as part of the normal inflam- 
matory reaction associated with healing. Faintly positive im- 
ages occur after marrow aspiration or at bone-graft donor 
sites [5]. Joint localization is observed in active rheumatoid 
arthritis, especially in the knees [7]. Uptake of '''In in nonin- 


fected juxtaarticular regions in patients with sickle-cell anemia 
is probably related to expanded peripheral bone-marrow 
spaces. Finally, Sfakianakis et al. [8] have reported a case of 
a positive '''In leukocyte scan of a foot metastasis from lung 
cancer. The intensity of '''In leukocyte uptake was less than 
the uptake of ®’Ga citrate. The exact mechanism for the '"'In 
leukocyte uptake in tumors is unknown. Conceivably, leuko- 
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TABLE 2: Relation between Degree of Uptake and Diagnostic 
Results 


Í CE SS ee ec re ee See er 


Result Marked Moderate Mild 
Number of positive results 5 8 27 
Percent true positive 50 (36) 60 (36) 90 (21) 
Percent false positive 0 20 (29) >100 
Number of negative results 35 32 13 
Percent true negative 100 97 (6) 40 (18) 
Percent false negative 17 (14) 10 (11) 3 (6) 
Percent accuracy 88 (10) 88 (10) 53 (15) 


SS SS SS Se a a ee pee wee eee ease a H e 
Note.—Numbers in parentheses reflect the 95% confidence intervals for the 


associated percentages with Student's t test. For example, the percentage 
true negative when moderate or greater uptake is used as the diagnostic 
criterion is 97 + 6% (91, >100). 


cyte exchange with adjacent hyperplastic marrow could have 
accounted for the findings. 

In our limited experience, we have encountered a number 
of similar instances of '''In uptake in the absence of active 
osteomyelitis. In an attempt to distinguish between '"'In up- 
take from such causes and uptake caused by active osteo- 
myelitis, we adopted the visual grading system based on the 
relative intensity of uptake described above. This approach is 
analogous to the commonly used system for grading the 
uptake of °°"Tc pyrophosphate in myocardial infarct studies 
and is readily adopted by observers experienced in such 
procedures. The influence of the selection of the level of 
uptake (marked, moderate, or mild) considered diagnostic of 
active osteomyelitis on diagnostic performance is illustrated 
in Table 2. Limiting the diagnosis of osteomyelitis to cases of 
marked uptake eliminates false-positive results but only di- 
agnoses 50% of the cases of osteomyelitis. Expanding the 
range of uptake levels considered diagnostic to include mod- 
erate or greater uptake improves sensitivity to 60% with 
minimal loss of specificity (97%) but increases the rate of 
false-positive results to 20%. Finally, expanding the diagnostic 
range to include mild uptake improves sensitivity to 90% but 
at an unacceptable loss of specificity (40%) and a false- 
positive rate approaching 2:1. Although our present sample 
size is too small to separate these groups on purely statistical 
grounds, the trends shown clearly suggest that, in situations 
in which osteomyelitis is superimposed on underlying bone 
disease, moderate or greater uptake is required to establish 
the diagnosis. 

When we restrict the diagnosis of osteomyelitis to cases 
showing moderate or greater uptake of '''In leukocytes, our 
results in the detection of osteomyelitis complicating fractures 
(accuracy, 88%; sensitivity, 60%; and specificity, 97%) com- 
pare favorably with those of Froelich and Swanson [9] in the 
detection of uncomplicated osteomyelitis (accuracy, 85%; 
sensitivity, 75%; and specificity, 97%). These results also 
compare favorably with those of combined °°"Tc/*’Ga citrate 
studies reported by the same authors (accuracy, 69%; sen- 
Sitivity, 48%; and specificity, 87%). 

Some authors [10] have indicated that '''In-labeled leuko- 
cytes are less sensitive in detecting osteomyelitis than in 
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detecting soft-tissue infections, particularly in cases of chronic 
but active osteomyelitis. Nevertheless, sensitivities as high as 
84% have been reported. Other authors [11] observed no 
difference in detectability between acute and chronic osteo- 
myelitis and no difference in sensitivity resulting from the 
introduction of antibiotic therapy. 

Although our case of chronic tuberculous osteomyelitis was 
not detected by leukocyte scanning, the predictive value of 
negative leukocyte imaging is relatively high (92%). Four 
uncommon cases of skeletal photon-deficient areas in "In 
leukocyte images have been reported [12]. These were found 
in patients with vertebral osteomyelitis, lymphoma, and pre- 
vious radiotherapy and extensive surgical procedures. The 
Causes are not completely clear, but are speculated to be 
multifactorial and to include impaired blood supply, death or 
fibrosis of reticuloendothelial tissue in the involved areas, and 
replacement of the bone marrow by pathologic processes. 

Our experience shows a number of situations in which 
Clinical and/or radiologic correlation will reveal potential 
sources of false-positive uptake of '''In leukocytes. When 
this information is integrated into the diagnostic decision- 
making process, it should be possible to improve specificity 
beyond the levels achieved on the basis of uptake level alone, 
without appreciable loss of sensitivity. 
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Evaluation of Ectopic Bone 
by CT 





The CT appearance of ectopic bone and its maturation in 25 patients were correlated 
with the findings on radiographs and bone scans. Ossification progressed from an early 
appearance of soft-tissue density of lower attenuation than muscle to a calcific density 
paralleling radiographic and scintigraphic evidence of bone formation. Persistent unos- 
sified, low-density soft tissue was detected adjacent to mineralized areas of ectopic 
bone in 14 patients up to 16 years after neurologic injury, often with bone-scan evidence 
of maturity of the ectopic bone. This soft tissue most likely corresponds to immature, 
unossified connective tissue, which may have a potential for ossification. 

Detection of areas of soft-tissue density by CT and their avoidance during surgical 
resection of an ankylosing mass of ectopic bone may reduce intraoperative hemorrhage 
and postoperative ectopic bone recurrence. 


Ossification of soft tissues where bone normally does not occur has been 
reported in patients with spinal cord injuries, cranial trauma, and CNS lesions [1- 
8]. It is variously known as ectopic ossification, heterotopic ossification, para-osteo- 
arthropathy, myositis ossificans in paraplegia, and ossifying fibromyopathy. Ectopic 
bone formation has been reported most commonly in association with spinal cord 
injury and in 4-53% of patients with paraplegia [9, 10]. It is most commonly seen 
in the soft tissues adjacent to the hips and proximal thighs, but also occurs adjacent 
to the knees, shoulders, elbows, and spine. It may be an incidental finding on 
radiographs performed to evaluate the urinary tract or pressure sores, but in some 
patients it may progress to extensive bone formation around the hips. The resulting 
motion restriction may lead to formation of pressure sores [11] and inability to 
achieve a sitting position or to transfer from a bed to a chair [12], both of which 
halt the rehabilitation process. 

Plain radiography and technetium bone scintigraphy have been the standard 
radiologic means used to evaluate ectopic bone in the past. We used CT for this 
purpose in the pelvic and hip regions. The purposes of this paper are (1) to describe 
the distribution and precise relationships of the ectopic bone to the muscles and 
bones of the hips and pelvis, (2) to correlate the CT appearances with previously 
described histologic descriptions and with plain radiographic findings, and (3) to 
use CT to illustrate the appearance of maturation of the ectopic ossification. 


Materials and Methods 


All of the preoperative CT examinations of patients evaluated for pressure sores at our 
institution from January 1984 through February 1985 were reviewed. A GE 9800 CT scanner 
was used for all studies. The pelvis was scanned with 1-cm-thick sections at 1-cm intervals 
from the iliac crests to the proximal thighs, depending on the extent of the ectopic bone or 
pressure sore. 

Ossification in the soft tissues near the hips or pelvis was noted in 25 of 59 patients 
scanned for pressure sores. These patients included 24 men and one woman ranging in age 
from 16 to 65 years; 20 of these patients were less than 35 years old. Seven patients were 
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quadriplegic, 17 were paraplegic, and one had had a closed-head 
injury. In 11 patients, ectopic bone at the base of 17 pressure sores 
predated formation of the pressure sores. 

The radiographs, radionuclide bone scintigrams, CT studies, and 
clinical records of these 25 patients were reviewed. The locations of 
all areas of ectopic-bone formation were determined by CT for each 
patient. In cases of severe muscle atrophy or flexion contractures of 
the hips in which there were anatomic distortions, the location of 
ectopic bone was determined either by contralateral anatomy or by 
comparison with similarly located lesions in patients with better 
defined anatomy. An attempt was made to determine whether each 
lesion was within a muscle, between two muscles, or both. 

Ectopic bone occurring at surgical sites was assumed to be 
secondary to surgical trauma and was excluded from the study. A 
small quantity of ectopic bone was identified adjacent to a surgical 
site in four patients. The surgical procedures provoking the ectopic 
bone were an ischiectomy, a greater trochanter resection, a lower 
extremity disarticulation, and an iliac crest, bone-graft donor site. 

There were no documented instances of direct trauma to the soft 
tissues in the areas of ectopic bone investigated, but all patients had 
undergone physical therapy. 


Results 


No difference in the clinical course, treatment, or type of 
neurologic injury could be discerned between the groups with 
and without ectopic ossification. There was no relation be- 
tween the quantity or distribution of the ectopic ossification 
and anatomic level of the neurologic deficit, age, or gender. 
Ectopic ossification ranged in size from 1-mm-long slivers to 
bone masses that were many centimeters in diameter. The 
frequency and distribution of the ectopic bone are listed in 
Table 1. 

Ectopic bone most frequently involved the iliacus and ilio- 
psoas muscles and caused the largest bone masses adjacent 
to the hips (Fig. 1). Ossification in the vastus muscle group 
was often bulky and encircled the femoral shaft in the distri- 
bution of the vastus medialis and intermedius muscles. In 
patients with both iliopsoas and vastus ossification, the two 
lesions were contiguous at the level of the lesser trochanter 
(Fig. 1A). Gluteal muscle ossification tended to be small and 
linear (Fig. 2). Ossification in the obturator externus muscle 
was of moderate size. Ectopic bone within the quadratus 
femoris was usually attached to the lateral aspect of the 
ischial tuberosity. Ossifications between the gluteus maximus 
and the posterior aspect of the obturator internus were usually 
small and linear (Fig. 2B). 

Ectopic bone formed in the periphery of muscles in 11 
patients, typically in the gluteal (Fig. 2A) and vastus muscles. 
Ossification occurred without direct connection to muscles or 
with a clear cleavage plane between the ectopic bone and 
the adjacent muscle in 14 patients, usually between the 
gluteal muscles or between the obturator internus and gluteus 
maximus (Figs. 2A and 2B). It also merged with the iliac bone 
in six patients (Figs. 1B and 1C). Ossification was central or 
involved the entire muscle in 12 patients (Fig. 1). Muscles 
were seen lying in grooves on the surface of ectopic bone in 
seven patients and tunneling through a bony mass in one 
patient. The pattern of an initial ring of ossification forming in 
the periphery of a muscle with progressive central ossification 
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TABLE 1: Location and Frequency of Ectopic Bone 
SSS SS SS a nn ces = Se = pee ee 


No. of No. of 
Location of Ectopic Bone Hips Patients 





lliacus and iliopsoas muscles: 19 14 
Adherent to iliac bone anteriorly 11 6 
Extension around lateral margin of il- 

iac bone onto posterior bone sur- 


face 6 4 
Extension to lesser trochanter 16 11 
Vastus intermedius 10 Fi 
Vastus medialis 16 11 
Vastus lateralis 2 1 


Area between iliac bone and gluteus 
minimus (not contiguous with ilia- 
cus ossification) 3 
Gluteus minimus 3 
Area between gluteus minimus and glu- 
teus medius 
Gluteus medius 
Area between gluteus medius and glu- 
teus maximus 8 
Obturator externus 3 
3 
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Area between obturator externus and 

pectineus 
Quadratus femoris 
Area between quadratus femoris and 

obturator externus 4 
Obturator internus 2 
Area between obturator internus and 

gluteus maximus 4 
Area anterior and lateral to lower lum- 

bar vertebral bodies 2 
Area between semitendinosus and long 

head of biceps 1 
Adductor magnus 1 
Outer margin of posterior joint capsule 

of hip 1 1 
Area between rectus femoris and ilio- 

femoral ligament 1 1 
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was noted in one patient (Figs. 1B and 1C), but random 
ossification initially with both central and peripheral distribu- 
tion of progressive ossification (Figs. 1D and 1E) was seen in 
two patients. Because patients frequently had several masses 
of ectopic-bone formation, more than one pattern of distribu- 
tion was seen in any given patient. 

Early in the evolution of ectopic bone, enlargement of the 
affected muscle with replacement by soft tissue of lower 
attenuation than normal muscle was seen, with or without 
involvement of the adjacent intramuscular fat planes (Fig. 1B). 
This low-density material was seen during the early stages of 
developing ectopic ossification in five locations in three pa- 
tients. In two patients with serial CT scans, progressive 
accumulation of calcium density within the enlarged low- 
density soft-tissue areas (Fig. 1) paralleled radiographic and 
scintigraphic evidence of bone formation. 

CT scans performed on 14 patients from 9 months to 16 
years after neurologic injury showed low-density soft tissue 
adjacent to areas of ectopic bone. Six patients had persistent 
low-density soft tissue adjacent to ectopic bone more than 5 
years after the onset of the ossification. In seven patients 
examined from 14 months to 20 years after neurologic injury, 
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Fig. 1.—This 19-year-old paraplegic had clin- 
ical onset of ossification 1 month after injury. 

A, Radiograph, 10 months after onset of os- 
sification. Note contiguous ossification of ilio- 
psoas and vastus muscles at lesser trochanter. 

B, Initial low-density, soft-tissue area distort- 
ing right iliacus muscle (arrow) 1 month after 
spinal cord injury. 

C, Progression to peripheral ossification at 5 
months. Central ossification occurred later (not 
shown). A surgical drain is seen posterior to 
sacrum. 

D, Dense iliopsoas ossification (open arrow) 
seen 1 month after spinal cord injury. 

E, 7⁄2 months after injury, low-density soft 
tissue is seen adjacent to ectopic bone (open 
arrow). 

Note ossification in D and E between left glu- 
teus maximus and obturator internus muscles 
(solid arrows). Serial technetium bone scans (not 
shown) showed progressively increasing activity 
in right iliopsoas region. 


Fig. 2.—T10 paraplegic, 10/2 years after in- 
jury. 

A, Ossification between right gluteus maxi- 
mus and gluteus medius muscles (open white 
arrow), between right gluteus medius and glu- 
teus minimus muscles (straight white arrow), in 
periphery of right gluteus minimus muscle (open 
black arrow), and involving left gluteus minimus 
muscle and attached to left iliac bone (curved 
white arrow). 

B, Bilateral ossification between gluteus max- 
imus and obturator internus muscles (open ar- 
rows). Note low-density soft-tissue material an- 
terior to left hip adjacent to iliopsoas ossification 
(closed arrow). 


the masses of ectopic bone appeared to be densely and 
completely ossified on CT without areas of low-density soft 
tissue persisting nearby. This dense ossification was thought 
to be mature on the basis of radiographs, bone scans, and 
Clinical evaluation. 

Two patients had surgical resection of ectopic bone, but 
the surgical descriptions and the histologic preparations were 
inadequate to provide useful radiologic-pathologic correlation. 


Discussion 


The distribution of ectopic ossification in patients with CNS 
injuries has been previously described on the basis of plain 
radiographs, with specific muscle involvement being deduced 
from bony landmarks [4, 13]. Surgical description of the 
location of ectopic bone has been more specific, with ossifi- 
cation described between the rectus femoris and the hip-joint 
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capsule, in the distribution of the iliopsoas muscle, inferome- 
dial to the hip joint in the adductor muscles, and between the 
gluteus maximus and the posterior aspect of the hip-joint 
capsule [1, 14]. Gross pathologic studies have revealed that 
ectopic bone most often forms in the periphery of muscles, 
deriving from the connective tissue between muscle fascicles 
[15]. In other cases ectopic ossification occurs without direct 
connection to muscle tissue (Fig. 2B) or with a cleavage 
plane of edematous connective tissue between the new bone 
and the remaining muscle. Ectopic ossification has been noted 
merging with the iliac bone (Figs. 1C and 2A), and muscle has 
been described lying in grooves over or tunneling through 
ectopic-bone masses [15]. Our CT findings correlated well 
with previous surgical and pathologic descriptions. CT also 
defines the locations of ectopic bone more precisely than do 
plain radiographic studies. 

Although ectopic ossification frequently occurs in the vicin- 
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ity of the hips of patients with spinal cord injuries, complete 
ankylosis of the hip joint is unusual. Only 1-3% of patients 
develop enough ectopic bone adjacent to the hip joint to 
cause substantial difficulty with sitting and with transfers from 
chair to bed [2, 16]. It is in these patients with severe 
deformity and in patients in whom the ectopic bone has led 
to pressure-sore formation that surgical resection of the ec- 
topic ossification is considered [11]. The surgical goal is 
restoration of enough joint motion to allow transfers between 
wheelchair and bed [8]. Partial resection of the ectopic bone 
is usually done because complete resection calls for more 
extensive surgery with a larger area from which to bleed and 
because complete resection may not always be technically 
possible [17]. 

Ectopic ossification usually recurs to some extent after 
surgical removal, and blood loss during and after the operation 
can be a major problem [4]. The consensus has been that 
when the ectopic ossification is “mature,” postoperative re- 
currence and perioperative bleeding are minimized [4, 5, 14- 
21]. It is similarly thought that surgical removal of “immature” 
ectopic ossification only leads to rapid reformation [15, 22] 
often more extensive than before [4, 16, 23]. Even in some 
patients with presumed “mature” ectopic bone, extensive 
bone masses have reformed after surgical resection [4, 15, 
22]. In the present context, “maturity” refers to quiescence of 
the physiologic process of ossification. There are several 
ways to assess this state of activity. 

Abnormal physical examination findings such as local swell- 
ing, warmth, and erythema are usually the earliest indicators 
of ectopic-bone formation [4, 24] but are unreliable for deter- 
mining maturity. The swelling, edema, erythema, and in- 
creased temperature also seen with cellulitis, thrombophlebi- 
tis, and osteomyelitis are indistinguishable from the clinical 
presentation of ectopic-bone formation [7, 14]. At this earliest 
clinical stage, radiographs may be normal or only show oblit- 
eration of fat planes. The CT appearance is nonspecific at 
this early stage, and we do not recommend using CT to make 
this diagnosis. 

Elevation of serum alkaline phosphatase levels suggests 
new bone formation and in the past was advocated for 
following the activity of the ectopic ossification process [4, 
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24]. However, normalization of the alkaline phosphatase level 
is a poor indicator of completion or maturity of ectopic ossifi- 
cation, since new bone may appear when the alkaline phos- 
phatase level is normal [15]. Similarly, several of our patients 
had normal serum alkaline phosphatase levels even though 
ectopic bone was seen progressing on piain radiographs. 

The appearance of ectopic bone on plain radiographs pro- 
ceeds from hazy, ill-defined areas of calcification through ill- 
defined trabeculae formation and finally to dense masses with 
well-defined trabeculae and distinct margins [18]. However, 
lack of change of the radiographic appearance does not 
ensure that ossification has physiologically stabilized [15]. 
Areas of continuing ossification may be obscured by overlying 
densely calcified trabeculae [19]; preexisting ectopic ossifi- 
cation may extend; and new lesions may flare (Fig. 3). 

Three-phase bone scintigraphy has recently been recom- 
mended for the early diagnosis of ectopic ossification [25- 
27]. Soft-tissue uptake of the radiopharmaceutical permits 
the earliest and most accurate distinction of ectopic-bone 
formation from inflammatory diseases. Bone scintigraphy has 
also been reported to be valuable in assessing the activity of 
ossification within masses of ectopic bone before their resec- 
tion [15, 19, 23]. Six of our patients had more than one bone 
scan. Of these, four were not candidates for surgical resection 
of ectopic bone. Two of these four had serial CT scans that 
showed good correlation of ectopic-ossification progression 
with the activity seen with bone scintigraphy (Fig. 1). The 
other two patients of the six were being evaluated before 
surgery. One showed a stable bone-scan appearance. The 
other patient, however, showed decreasing activity on the 
bone scan but a persistent low-density soft-tissue area adja- 
cent to the ectopic ossification on CT scan. A portion of the 
large mass of iliopsoas ossification that was bridging the left 
hip joint was partially resected as a wedge, and the patient 
had a 6000-ml blood loss during the operation. Subsequently 
this patient has been lost to follow-up, so recurrence of 
ectopic bone cannot be assessed. 

The severe hemorrhage in this patient was surprising be- 
cause of the decreasing activity on the bone scans and 
because his quadriplegia had occurred 16 years earlier. Re- 
view of the experience of others using bone scintigraphy to 





Fig. 3.—65-year-old C7 quadriplegic. 

A, CT scan, 212 years after neurologic injury. Patient had only minimal ectopic bone between right gluteus maximus and obturator internus muscles 
(solid arrow) and in left obturator externus and pectineus muscles (open arrows). 

B, Initial technetium bone scan, 21⁄2 years after neurologic injury shows minimal increased activity adjacent to hips. 

C, Technetium bone scan, 3 months after B, reveals new onset of bilateral ossification in the iliopsoas distribution. 
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evaluate maturity of ectopic ossification before surgical resec- 
tion revealed that only a few operated cases with preoperative 
bone scans have been reported. Muheim et al. [28] and 
Rossier et al. [15] reported operations on both hips in the 
same two patients. Ectopic ossification did not recur in the 
three hips that had shown decreasing radionuclide activity, 
but there was severe postoperative recurrence in the one hip 
that had shown a mild increase in nuclide activity. These 
studies were performed with rectilinear scanners and stron- 
tium radionuclides. Freed et al. [26] reported one patient with 
a normal preoperative bone scan, minimal intraoperative blood 
loss, and no postoperative recurrence and another patient 
with marked activity on the bone scan who had substantial 
intraoperative bleeding and “many postoperative complica- 
tions.” Tanaka et al. [23] reported one patient with steadily 
decreasing radionuclide activity who had no substantial post- 
operative recurrence and one patient with decreasing radio- 
nuclide activity who had postoperative recurrence of the 
resected ectopic bone equal to the preoperative quantity. We 
are unaware of any larger series of operated patients with 
serial bone scans. Therefore the scintigraphic findings of 
decreasing or stable activity of ectopic bone may not always 
be a reliable predictor of whether bleeding complications and 
recurrent ossification will complicate surgical resection of 
ectopic bone. Further investigation is needed. 

A low-density material in the soft tissue adjacent to areas 
of ectopic ossification was identified in six patients who have 
had ectopic bone for more than 5 years. CT identification of 
this low-density material has not been previously reported 
(Fig. 2B), but we believe that this material most likely corre- 
sponds to the immature, unossified connective tissue adja- 
cent to ectopic bone described by Rossier et al. [15]. Studies 
of this material may help explain the recurrence of ectopic 
bone after surgical resection. Such tissue may carry a poten- 
tial for ossification for many years, and the trauma of surgery 
may stimulate it to form bone even though the mass of ectopic 
bone resected appeared mature radiographically. The low- 
density material may also be the focus of increased activity 
seen on bone scintigraphy long after the ectopic bone appears 
mature on plain radiographs and after the alkaline phospha- 
tase level has returned to normal. Our CT findings indicate 
that if ectopic bone “maturity” refers to complete ossification, 
such maturity may not occur for many years and in some 
patients it never occurs. 

CT may be helpful in planning surgical resection of ankylos- 
ing masses of ectopic bone. If most intraoperative bleeding 
and bone recurrence is caused by incision through immature, 
unossified connective tissue, CT could guide the surgeon to 
avoid such areas and resect only the portions of bone that 
appear completely ossified. Also, complete resection of the 
immature connective tissue along with the ectopic bone may 
limit recurrence. Chantraine and Minaire [20] found less re- 
currence after complete resection of ectopic-bone masses 
than after partial resection or osteolysis of the hip. Partial 
resection is more likely to cut across areas of low-attenuation, 
unossified soft tissue than is complete resection. Because of 
the contiguous location of adjacent, immature, unossified 
connective tissue, ectopic bone can probably not be resected 
without disturbing the connective tissue. CT could be used 
to plan surgery to minimize disturbance of these unmineral- 
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ized soft-tissue areas and at least to prevent cutting across 
them. This might minimize recurrent ossification; however, 
complete resection of any neighboring low-density connective 
tissue seen by CT appears to be a more prudent surgical 
choice [20]. 
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Magnetic Resonance of the Musculoskeletal System. Edited by Thomas H. Berquist, R. L. Enman, and M. L. 


Richardson. New York: Raven, 220 pp., 1986. $28 


This is a compact, neatly produced book consisting of eight 
chapters. These chapters review basic principles and terminology, 
interpretation of MR images, technical considerations in MR imaging, 
bone and soft-tissue tumors, musculoskeletal infection, musculo- 
skeletal trauma, MR imaging of the spine, and miscellaneous condi- 
tions and future potential of the techniques. The writing, for the most 
part, is succinct and the illustrations are good and well chosen. The 
authors have successfully conveyed practical pointers in terms of 
pulsing sequences, coils, imaging planes, and potential pitfalls in 
evaluating the various musculoskeletal disorders by MR. Areas of 
uncertainty have been pointed out, and appropriate circumspection 


of certain conclusions all lend to a balanced book. 

Musculoskeletal applications of MR are expanding rapidly and this 
book will serve as a good base for those who have not acquired a 
great deal of direct experience or who are about to commence MR 
scanning. This book will also serve as a good source of initial 
information, making it that much easier to keep abreast of further 
refinements and new developments. Its extremely modest price of 
$28 makes this hard-cover text a particularly good buy. 
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Neuroblastoma: The Role of MR 
Imaging 





Thirty-five MR examinations were performed in 17 children with neuroblastoma during 
the course of their diagnostic evaluation and treatment. Findings were confirmed by 
correlation with the results of other imaging techniques, biopsies, and surgical and 
autopsy findings. MR accurately detected the lesions and their extent in all patients. It 
correctly evaluated the possibility of resectability and showed metastases, response to 
treatment and development of complications. 

MR appears to be a reliable technique for the diagnosis, staging, and follow-up of 
children with neuroblastoma. 


Neuroblastoma is one of the most common solid tumors of childhood. It presents 
with a variety of signs and symptoms, many of which are nonspecific, which may 
lead to a delay in diagnosis. The most common presenting sign, occurring in 45% 
of patients, is an abdominal mass [1]. For this reason, excretory urography has 
historically been the most common technique used for evaluating this lesion. In the 
last decade, sonography and CT have also been used [2-7]. MR is becoming an 
increasingly acceptable imaging technique [8-14]. Previous reports, using early 
MR scanners, and limited to images in the axial plane, have described the potential 
usefulness of MR in evaluating neuroblastoma [15, 16]. One of the major advan- 
tages is the ability of MR to image in any plane. The optimal imaging plane for 
showing these lesions depends on their site of origin and has not been previously 
determined. The ability of MR to show the extent of tumor, invasion of adjacent 
organs, presence of metastases, response to therapy, recurrence, and associated 
complications also has not yet been evaluated. To this end we assessed the 
usefulness of MR in evaluating all children with a diagnosis of neuroblastoma seen 
at the UCLA Medical Center between January 1985 and May 1986. 


Materials and Methods 


Thirty-five examinations were performed in 17 children with neuroblastoma. The patients 
were 6 months to 9 years old (mean, 3.6 years) at the time of initial study. Diagnosis was 
confirmed in all children by urine catechol levels, surgical resection, biopsy, or bone marrow 
aspiration. Various combinations of radiographs, cortical bone scintigrams, excretory uro- 
grams, sonograms, and CT scans were available for comparison in all cases. Plain films and 
CT scans were obtained at the initial preoperative evaluation in all patients. Although in most 
patients sonograms and some excretory urograms had been obtained at other hospitals 
before referral to UCLA, only six sonograms and four excretory urograms were available for 
review at the time of MR scanning. In addition, cortical bone scintigraphy was performed in 
14 patients, radiographic bone surveys in three, and myelography in two. 

MR images were obtained with a Fonar B-3000 whole-body imager with a 0.3-T permanent 
magnet. Patients under 7 years old were routinely sedated with either chloral hydrate 50 mg/ 
kg orally or a combination of Demerol 2 mg/kg, Thorazine 1 mg/kg, and Phenergan 1 mg/kg 
given intramuscularly 30 min before scanning. Children were routinely monitored visually. An 
inverted paper cup placed on the abdomen of the child showed excursion of the abdominal 
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wall with respiration and was easily observed from outside the 
scanner. In one child IV ketamine sedation was administered by an 
anesthesiologist. Because the scanner has a permanent magnet, 
metallic anesthesia monitoring equipment could be placed directly 
adjacent to the scanner in order to facilitate monitoring of the child. 
Parents were encouraged to remain in the room with the patient 
during scanning, and a radiologist was present at all times to monitor 
the child and tailor the study. 

Images were obtained in various planes depending on the area of 
study. Thoracic and abdominal lesions (15 patients) were initially 
imaged in the coronal plane. Additional axial images were obtained 
in 13 patients. In the 13 patients in whom both coronal and axial 
sequences were obtained, the criteria used to evaluate the optimal 
imaging plane for the evaluation of these lesions were demonstration 
of (1) the lesion’s organ of origin; (2) possible invasion of adjacent 
organs; (3) possible intraspinal extension; (4) possible vessel 
compression, displacement, encasement, or invasion by the lesion; 
and (5) involvement of spinal bone marrow. Skull and brain lesions 
were imaged in the sagittal and coronal planes. T1-weighted spin- 
echo (SE) sequences had a 500-msec repetition time (TR) and 28- 
msec echo time (TE). Because of their better resolution and shorter 
imaging time, these SE 500/28 sequences were used in all patients. 
T2-weighted sequences (SE 1500/56 or 2000/84), which have su- 
perior tissue contrast differentiation, were also obtained in nine 
patients in whom T1-weighted sequences could not adequately define 
the exact extent of the disease because of difficulties in differentiating 
tumor from adjacent organs and bowel loops. In children who had 
been imaged previously and were being reevaluated after a course 
of treatment, only T1-weighted sequences were obtained routinely. 
Children with suspected dural metastases were an exception, as in 
these patients T2-weighted sequences were performed. 

MR images were initially reviewed independently by two pediatric 
radiologists to define the organ of origin and the extent, involvement 
of adjacent organs, involvement of bone marrow, and presence of 
distant metastases. The patient’s clinical history was available at the 
time of review. The results of comparison CT scans, sonograms, and 
excretory urograms were then correlated with the initial MR readings 
by the two radiologists together. 


Results 


High-quality, diagnostic MR images were obtained in all 
patients, except one 4-year-old child who received no seda- 
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tion because of parental request. Her study was degraded by 
motion artifact, but a repeat study, after sedation, was of 
diagnostic quality. Both small and large primary lesions were 
seen, ranging in size from 2 to 16 cm. On the T1-weighted 
sequences (SE 500/28), neuroblastoma had the same signal 
intensity as the renal medulla and slightly lower signal intensity 
than the renal cortex and liver (Fig. 1A). On T2-weighted 
images (SE 1500/56 or 2000/84), neuroblastoma showed 
increased signal intensity, higher than that of the liver but 
similar to that of the kidney (Fig. 1B). 

On studies performed before surgery, MR accurately 
showed the site of origin of all tumors. Tumors originated 
from the adrenal gland in 13 patients; three were on the left 
and 10 on the right (Fig. 2). Intraabdominal paraspinal neuro- 
blastoma was present in two patients; pelvic neuroblastoma 
and thoracic neuroblastoma were each present in one patient 
(Fig. 3). MR was useful in the diagnosis of neuroblastoma in 
patients who had an abdominal mass of unknown origin. In 
13 patients in whom both axial and coronal images were 
obtained, determination of the organ of origin of the masses 
was best evaluated in the coronal plane (Figs. 1 and 2, 
Table 1). 


Extent 


The exact extent of all lesions was shown by MR. It was 
confirmed by comparison with other imaging techniques in all 
17 patients and by surgical correlation also in five. The tumor 
was localized to the organ of origin in five patients; it invaded 
adjacent organs or surrounded vessels in seven patients. Five 
patients had bone-marrow metastasis, with four of them 
showing bone metastasis radiographically or scintigraphically. 
Involvement of the aorta and inferior vena cava was best 
evaluated by using short pulse sequences in the coronal 
plane. The origins of the celiac axis and superior mesenteric 
artery, however, were best shown in the axial plane (Fig. 2). 
The degree of extension intraspinally (Fig. 4) and superiorly 
into the posterior mediastinum (Fig. 5) was best seen coro- 
nally (Table 1). Change in tumor size was shown in five 
children after radiation and/or chemotherapy (Fig. 4). 


Fig. 1.—Paraspinal neuroblastoma. 

A, Coronal (SE 500/28) image. Right paraspi- 
nal neuroblastoma (arrows) displaces lower pole 
of right kidney superiorly and laterally and 
causes hydronephrosis. Signal intensity of tumor 
is similar to that of renal medulla and lower than 
that of liver and renal cortex. 

B, Coronal (SE 2000/112) image. Both neuro- 
blastoma (arrows) and adjacent kidney have 
high signal intensity relative to liver. 
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Fig. 2.—Adrenal neuroblastoma. 
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A, Coronal (SE 500/28) image. Large right adrenal neuroblastoma (arrows) displaces right kidney inferiorly and laterally (arrowheads) and displaces 


inferior vena cava and aorta. 


B, Axial (SE 2000/84) image. This better shows relationship of origin of superior mesenteric artery (arrow) to tumor (arrowheads). 
C, Coronal (SE 500/28) image. Another patient with left adrenal neuroblastoma, shows extension of lesion between and around aorta and inferior vena 


cava (arrows). 





Fig. 3.—Thoracic neuroblastoma. Coronal (SE 
500/28) image. Right apical neuroblastoma (solid 
arrow) compresses adjacent trachea and right 
mainstem bronchus (open arrows). 


Metastases 


The MR images were evaluated for possible metastatic 
disease. When compared with other studies of the same 
areas, MR showed all the lesions demonstrated by all other 
techniques combined. Of the patients imaged, five had bone 
metastases, one having bone-marrow metastases without 
cortical involvement. Two had metastases to the dura, two 
to the mediastinum, one to the spleen, and one to the pelvis. 

Bone-marrow involvement (with or without bony involve- 


Fig. 4.—Intraspinal extension. 

A, Coronal (SE 500/28) image. Extension of right paraspinal neuroblastoma into spinal canal 
(arrows). 

B, Coronal (SE 500/28) image. 3 weeks after diagnosis. After chemotherapy, intraspinal tumor is 
smaller (arrows). Scoliosis has also developed. 


ment) was seen as areas of decreased signal intensity on T1- 
weighted images because of the replacement of the normally 
seen high-signal-intensity fat by tumor cells (Fig. 6). The areas 
of tumor involvement show increased signal intensity on T2- 
weighted images, making differentiation of tumor from adja- 
cent normal fat-containing marrow difficult on images ob- 
tained with this pulse sequence alone (Fig. 7). 

Dural metastases, although visible on T1-weighted images, 
could not be differentiated from overlying bony lesions. On 
T2-weighted images dural metastases were clearly seen as 
high-signal-intensity areas causing thickening of the dura and 
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were easily distinguished from overlying bony involvement on 
this sequence (Fig. 7). 

The best imaging plane for a demonstration of marrow 
involvement was coronal for the long bones and sagittal or 
coronal for the spine (Table 1). As involvement of the bone 
marrow is evaluated most easily when the usual uniformity of 
the signal from the marrow is lost because of patchy replace- 
ment by tumor cells, images showing larger areas of marrow 
bilaterally in the case of the long bones (that is, coronal) are 
the most useful. In the axial plane, partial-voluming into ad- 
jacent disk spaces made evaluation of possible spinal-marrow 
involvement difficult. 

Mediastinal, splenic, and pelvic lesions were seen as me- 
dium-signal-intensity masses on T1-weighted images and 
high-signal-intensity masses on T2-weighted images. Medias- 
tinal metastases were best seen in the coronal plane and 
splenic metastases in the axial plane. Dural involvement was 
best seen in the sagittal or coronal plane. 


TABLE 1: Relative Value of Coronal and Axial Images in 
Neuroblastoma 


Optimal Imaging Plane 





Abnormality (n = 13) 
Coronal Axial Equal 
Organ of origin 11 0 2 
Invasion into adjacent or- 
gan: 
Liver 6 4 3 
Kidney 10 0 3 
Spinal canal extension 9 0 2 
Vascular involvement: 
Great vessels 9 2 2 
Origin of celiac axis and 
superior mesenteric 
artery 2 9 2 








Fig. 5.—Mediastinal extension. Coronal (SE 
500/28) image. Involvement of posterior medias- 
tinum (arrowheads). 
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Complications 


MR showed complications in six patients after radiation 
and chemotherapy. Two children developed hydronephrosis 
after radiation and/or chemotherapy, it was mild in one and 
moderate in the other. In the mild case the signal intensity of 
the involved kidney was higher than that of the contralateral 
uninvolved side on T2-weighted images, presumably second- 
ary to higher water content of the kidney tissue because of 
the obstruction. Diagnosis of mild ureteropelvic junction ob- 
struction was confirmed in this patient by excretory urogra- 
phy. The child with moderate hydronephrosis also showed 
uniform decreased signal intensity of the marrow coinciding 
with radiation ports. The marrow biopsy in this patient showed 
myelofibrosis (Fig. 8). 

One child developed thrombosis of the inferior vena cava 
secondary to an indwelling chemotherapy catheter. The ab- 
sent signal intensity of the flowing blood in the inferior vena 
cava was replaced by medium-signal-intensity thrombus that 
distended the vessel. 

Three children developed central nervous system compli- 
cations, all of which were seen with MR. One child with dural 
metastases developed a parasagittal brain infarction presum- 
ably due to compression of the veins overlying the cerebral 
cortex by the adjacent dural plaques. A second child devel- 
oped subdural hemorrhage, and a third developed an astro- 
cytoma. Although the latter lesion had an appearance similar 
to the infarction in the child with dural metastases, this child 
showed no dural involvement, and on a subsequent study the 
lesion had not diminished as would have been expected with 
infarction. 


Discussion 


Neuroblastoma frequently presents with a variety of symp- 
toms, many of which are nonspecific; thus the first step in 
imaging these patients is to establish the diagnosis. One of 





Fig. 6.—Calvarial metastasis. 

A, Lateral skull film. Subtle lytic lesion in left parietal bone (arrows). 

B, Sagittal (SE 500/28) image. Decreased signal intensity of bone marrow due to replacement of 
fat by tumor tissue (solid arrows) Causing expansile bony lesion (open arrows). 
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Fig. 7.—Dural metastasis. 
A, Lateral skull film. Lytic lesions in calvarium and splaying of coronal sutures due to bony and 
dural metastasis. 
B, Paramidline sagittal (SE 2000/84) image. Both normal marrow and bony metastases have high 
signal intensity on T2-weighted sequence (arrows). Thickened dura has high signal intensity due to 
metastatic dural neuroblastoma (arrowheads). 


the main advantages of MR compared with CT is its ability to 
image in any plane. Since most neuroblastomas arise in the 
abdomen, it is essential to differentiate neuroblastoma from 
other abdominal masses, especially Wilms’ tumor. This infor- 
mation is easily obtained in the coronal plane by using T1- 
weighted sequences because of their superior anatomic res- 
olution. In this plane, lesions arising from the adrenal gland 
can be differentiated more easily from those arising in the 
adjacent kidney, liver, or paraspinal area, as partial-voluming 
of organs situated directly above each other is less of a 
problem in the coronal plane than in the axial. T2-weighted 
images, because of their superior tissue contrast differentia- 
tion, may be useful in further defining the exact borders of 
lesions by differentiating them from adjacent normal tissues. 
They are particularly useful in showing dural metastases. In a 
child with signs and symptoms such as joint pain or a limp, 
demonstration of abnormal bone marrow by MR may lead to 
directed biopsy and earlier diagnosis. 

After the initial diagnosis has been made, a second, equally 
important role of imaging is to show the exact extent of the 
tumor and to establish surgical resectability, because com- 
plete resection of neuroblastoma is the most successful ther- 
apy. With the newer imaging techniques tumor resectability 
can be defined better by demonstrating vascular anatomy. 
Several studies have recently emphasized the role of CT in 
the management of children with neuroblastoma [2-7]. MR, 
because of its ability to image in several planes (especially 
coronal and sagittal), can accurately show the presence of 
vascular encasement [11, 17-19]. Thus, it can better differ- 
entiate between the resectable and nonresectable lesions 
(Fig. 2). 

Evans et al. [20] developed a staging system based on 
clinical examination of tumor spread. Tumors confined to the 
organ of origin are stage 1, those extending beyond the organ 
of origin but remaining on the same side are stage 2, tumors 
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Fig. 8.—Hydronephrosis. Coronal (SE 500/28) 
image. Bilateral hydronephrosis (arrows) devel- 
oped after radiation and chemotherapy. De- 
creased signal intensity in bone marrow (arrow- 
heads) corresponds to radiation ports; marrow bi- 
opsy showed myelofibrosis. 


crossing the midline are stage 3, and the presence of remote 
metastasis indicates stage 4. This classification has since 
been used widely for prognoses. Recently the clinical useful- 
ness of this classification has been questioned [21]. When 
tumors arising in the abdomen, regardless of size, invade 
major vessels such as the aorta, celiac plexus, and superior 
mesenteric artery, they are not resectable and thus have a 
worse prognosis. Of the five patients in our study who were 
Classified as stage 3, three showed vascular invasion and two 
did not. Vascular anatomy and specific vessel involvement 
was shown by MR without IV contrast injection. The inferior 
vena Cava and aorta were best seen on coronal T 1-weighted 
images, and the celiac and superior mesenteric artery origins 
were best seen in the axial plane. Since there is a 3- to 4-mm 
distance between two contiguous MR sections on studies 
performed on our scanner, an additional interleaved sequence 
may be necessary for detailed demonstration of vascular 
anatomy. If necessary, nonorthogonal images can be obtained 
along the axis of each vessel. This flexible nature of MR and 
its ability to evaluate vascular anatomy in detail allows a 
differentiation between tumors that can be resected by sur- 
gery and those that cannot, providing valuable prognostic 
information and thus changing the therapy. 

When neuroblastoma is paraspinal, the possibility of exten- 
sion into the spinal canal should be assessed by images 
obtained in the coronal plane. In all patients imaged, MR gave 
the same or more information than all other imaging tech- 
niques combined, and it can be performed easily as an 
outpatient procedure. Although in our patient with intraspinal 
extension sonography, excretory urography, metrizamide CT, 
and myelography were all performed initially, MR alone would 
have been sufficient for accurate demonstration of the extent 
of the lesion and its intraspinal extension. Subsequent MR 
studies obviated repeated intrathecal injection of contrast 
material, irradiation, and several periods of hospitalization. 
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MR has some disadvantages. As with CT, MR requires that 


young children be sedated, and it is unable to differentiate 
tumor from posttherapy fibrosis. As stated above, it is inferior 
to sonography and CT in evaluating calcification. However, 
with the availability of multiplanar imaging techniques, the 
usefulness of the demonstration of calcification in the diag- 
nosis of neuroblastoma may no longer be as important. 
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Neuroblastoma: A Specific 
Sonographic Tissue Pattern 





Previous attempts to determine a sonographic appearance characteristic of neuro- 
blastoma have had diverse results. Sonograms of 53 abdominal tumors, including 10 
neuroblastomas, imaged during 1982-1986 were reviewed. Four of the patients with 
neuroblastoma had a distinctive sonographic “lobule” of increased echogenicity in a 
part of the larger tumor mass. This sonographic appearance was secondary to the 
growth pattern of the tumor and was not cell specific. Correlative CT scans in two of the 
four patients did not differentiate this lobule. Histologically, the lobule was an aggregate 
of uniform neuroblastoma cells (marginated by reticulin and collagen) without hemor- 
rhage, necrosis, or calcification. This tissue pattern was not seen in any of the other 43 
neoplasms, including 12 Wilms’ tumors. 

When identified sonographically, the lobule identified in this study seems specific for 
neuroblastoma and is a valuable diagnostic sign in children with an abdominal mass. 


Sonography is the primary imaging technique for children with abdominal masses 
[1, 2]. Many sonographic features have been described in attempts to differentiate 
Wilms’ tumor and neuroblastoma [3-6], but tumor growth patterns cause significant 
overlap and thus limit diagnostic differentiation. We have identified a specific 
sonographic feature in a subgroup of patients with neuroblastoma that seems 
specific for this tumor. 


Materials and Methods 


The sonograms of all abdominal and pelvic tumors imaged during 1982-1986 were 
evaluated. Real-time sonograms were performed with a Philips 7000, ATL MK-600, or 
Diasonics DRF-400 scanner. Standard axial CT scans were performed with a Picker 600 
scanner. Neuroblastomas were staged as described by Evans [7]. Tissue for histologic 
examination was fixed in 10% buffered formalin and embedded in paraffin. Representative 
samples from different areas of the tumors were examined after staining with hematoxylin- 
eosin, periodic acid—Schiff, and reticulin stains. 


Results 


A total of 53 abdominal tumors were imaged with sonography during 1982- 
1986. These included Wilms’ tumor (12), neuroblastoma (10), non-Hodgkin's lym- 
phoma (eight), rhabdomyosarcoma (Seven), sacrococcygeal teratoma (four), em- 
bryonal cell carcinoma (two), hepatoblastoma (two), pheochromocytoma (one), 
lymphangioma (one), renal cell carcinoma (one), schwannoma (benign, one; malig- 
nant, one), ovarian teratoma (one), ovarian granulosa cell tumor (one), and a 
choriocarcinoma metastasis from the testicle (one). 

A distinctive sonographic pattern was seen in four cases. It consisted of an oval 
or round “lobule” of homogeneously increased echogenicity that occupied part of 
the tumor mass (Figs. 1-4). All lobules were round or ovoid with smooth margins 
that were easily demarcated from the surrounding tumor. None of them were 
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irregular or angular, characteristic appearances that are com- 
monly associated with hemorrhage within a tumor. Each of 
the four patients with the sonographic lobule had neuro- 
blastoma (Table 1). Correlative CT scans on Cases 1 and 2 
did not differentiate this lobule. Pathologic evaluation of the 
entire mass was possible in two patients (Cases 1 and 2) 
whose tumors could be resected completely. The remaining 
two patients had such extensive tumors that only biopsies 
were performed. Subsequent autopsy in Case 4 showed 
prominent lobule formation in the adrenal tumor, and the 
lobular pattern was preserved microscopically, despite exten- 
sive hemorrhage and necrosis. 

Gross and microscopic examination of the completely re- 
sected specimens revealed a preponderant lobule of small 
undifferentiated cells with scant stroma and few blood vessels 
(Fig. 5). A marked increase in reticulin and collagen deposition 
with formation of an internal pseudocapsule occurred at the 
margin of the lobule (Fig. 6). Histologic sections peripheral to 
the large lobule contained similar but smaller clumps of cells 
with abundant stroma and blood vessels. 

The lobule was not seen sonographically in six of the 10 
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Fig. 1.—Case 1: Sonogram of left paraspinal 
region shows an oval lobule of increased echo- 
genicity (straight arrows) within larger mass that 
is displacing aorta (curved arrow). 


Fig. 2.—Case 2: Transverse sonogram of sec- 
tor in pelvis shows lobule of increased echogen- 
icity (curved arrow) within retrovesicile mass. B 
= bladder. 


Fig. 3.—Case 3: Transverse sonogram of sec- 
tor in left upper abdomen shows lobule of in- 
creased echogenicity (arrow) in a small portion 
of mass (M). K = left kidney, S = spine. 


Fig. 4.—Case 4: Transverse sonogram of sec- 
tor in left upper abdomen shows an oval lobule 
of increased echogenicity (arrowheads). Angu- 
lar, irregular areas of increased echogenicity 
(curved arrows) proved to be hemorrhage. k = 
upper pole of left kidney, S = spine, A = aorta. 


TABLE 1: Characteristics of Patients with Neuroblastoma 





Case No. 
(Age, Gender) 


Sonographic lobule present 


Site of Origin Pathologic Diagnosis Staging 





1 (2 mo., M) Left abdominal Ganglioneuroblastoma | 
sympathetic 
chain 
2 (8 mo., M) Presacral area Neuroblastoma II 
3 (33 mo., M) Left adrenal Neuroblastoma Ill 
4 (21 mo., M) Left adrenal Neuroblastoma IV 
Sonographic lobule not present 
5 (1 mo., M) Left abdominal Neuroblastoma II 
sympathetic 
chain 
6 (18 mo., F) Right abdominal Ganglioneuroblastoma Il 
sympathetic 
chain 
7 (3 yr., F) Right adrenal  Ganglioneuroblastoma III 
(matured to gangli- 
oneuroma) 
8 (12 yr., M) Right adrenal Neuroblastoma Ill 
9 (20 mo., M) Right adrenal Neuroblastoma IV 
10 (3 yr., M) Left adrenal Neuroblastoma IV 
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Fig. 5.—Case 2: Cross section of completely 
resected neuroblastoma shows prominent, dis- 
crete lobule (L) in midpart of specimen with 
surrounding, smaller, less well-defined lobules. 
Curved arrow indicates internal pseudocapsule. 


Fig. 6.—Case 2: Microscopic appearance of 
section of internal pseudocapsule surrounding 
lobule shown in Fig. 5 (same orientation at arrow 
in Fig. 5). Capsule is composed of layers of 
reticulin fibers interspersed with small amounts 
of collagen. (Reticulin stain x 125) 


patients with neuroblastoma. Review of the gross and micro- 
scopic pathology in four of these six cases found no evidence 
of lobule formation: two tumors were preponderantly gangli- 
oneuromas, one was a ganglioneuroblastoma, and one con- 
tained sheets of undifferentiated cells. Areas of necrosis were 
prominent, and focal calcification was present. In the final two 
patients, only biopsy material was available for review, which 
precluded gross or microscopic correlation with the sono- 
graphic findings. 


Discussion 


The sonographic appearance of neuroectodermal tumors 
is varied because their tissue patterns depend on their growth 
characteristics (size, margination) and on the degree of hem- 
orrhage, necrosis, and/or calcification [5, 8-10]. In general, 
tumor margins of neuroblastomas are poorly defined, and a 
capsule or pseudocapsule (rim of hyperechogenicity) is not 
seen. Most are solid with mixed (usually markedly heteroge- 
neous) echogenicity. Calcification and anechoic “cystic” areas 
frequently are present [4-6], but these did not occur in any 
of our cases. 

The reasons for areas of hyperechogenicity commonly seen 
in neuroblastomas are not well understood but have been 
related to calcification, hemorrhage, and necrosis [5, 10, 11]. 
In their analysis of resected pheochromocytomas, Bowerman 
et al. [8] showed that hemorrhagic areas were hyperechoic 
and that necrotic areas were hypoechoic. Anechoic areas 
were due to liquified blood and necrotic debris. 

The sonographic lobule described here is an additional 
characteristic that seems to be specific for neuroblastoma. 
No other tumor we reviewed had this appearance (particularly 
Wilms’ tumor). However, further evaluation of this tissue 
pattern is needed. Our review was largely retrospective, and 
the number of positive cases was small, although 40% (4/10) 
of the neuroblastomas had this appearance. Our pathologic 
and sonographic analyses showed that the lobule is not cell 
specific but is an aggregate of cells marginated from the 
surrounding tumor by reticulin and collagen deposition (Fig. 
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6). Although the echogenicity caused by hemorrhage and that 
caused by a lobule can be identical, the smooth margins and 
ovoid shape of the lobule differentiate it from hemorrhage 
within a tumor (Fig. 4). The presence of the lobule does not 
depend on the maturity of the tumor; it occurred in both 
neuroblastoma and ganglioneuroblastoma. In two patients, 
the lobule made up a majority of the mass. In the two other 
patients, however, it was only a small part, underscoring that 
the entire mass must be examined meticulously with real-time 
scanning and searched for the presence of a small lobule. 
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Pediatric Imaging/Doppler Ultrasound of the Chest: Extracardiac Diagnosis. By James C. Huhta. Philadelphia: 


Lea & Febiger, 225 pp., 1986. $42.50 


This book is intended as a review of extracardiac abnormalities of 
the pediatric chest. The imaging of the chest includes real-time cross- 
sectional sonographic imaging as well as Doppler sonography. The 
title is somewhat misleading. At first, | expected to be reading about 
conditions unrelated to the cardiovascular system. However, by the 
word “extracardiac” in the title, the author means to exclude the heart 
while including the great vessels and their disorders. The author 
devotes nine of 13 chapters to these great-vessel disorders. Col- 
leagues who saw this text also expected a book discussing disorders 
that were unrelated to the cardiovascular system. This, however, is 
a minor criticism. 

The first three chapters are devoted to technique, an introduction 
to cross-sectional imaging of the great vessels, and a brief review of 
Doppler sonography and its uses. The next, and probably weakest, 
chapter is entitled “Thymus, Trachea, and Esophagus.” The entire 
chapter is only six pages long (including references) and contains 
virtually no information. 

The author is at his best when discussing the great vessels, 
probably because he is a pediatric cardiologist and director of an 
echocardiography laboratory. The illustrations in this section are good 
and the material is informative. There is also a series of colored 


illustrations that are for the most part quite good. (The last figure 
showing a schema of a thymoma, teratoma, lymphoma, and diaphrag- 
matic hernia in an infant chest is too schematic to be useful.) 

The last two chapters, in which the author discusses the noncar- 
diovascular abnormalities of the chest are generally weak and unin- 
formative, especially for radiologists and sonographers. 

This book is intended for cardiologists, pediatricians, radiologists, 
and surgeons. However, unless radiologists want an introduction to 
imaging the great vessels, the book has little to offer. It is best suited 
for housestaff or medical students interested in an introduction to 
sonography of pediatric chest abnormalities. On an introductory level 
this book is adequate. The price, $42.50, is reasonable for a text of 
this size and for one with these many illustrations; however, it may 
be too expensive for housestaff and medical students. The book is 
generally well written (except for occasional typographical errors) and 
is well indexed, but the references are predominantly from the non- 
radiologic literature with an occasional one from a sonographic 
journal. 
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The Position and Mobility of 
the Duodenum in Children 





Forty-three control patients (neonate to 17 years old) were studied by upper gastroin- 
testinal series to determine the position of key duodenal landmarks and the mobility of 
the duodenojejunal flexure with manual displacement. These results were compared 
with the duodenal positions of 35 children of similar ages with surgically documented 
malrotation. Nine criteria were identified as a useful means of detecting subtle abnor- 
malities of duodenal position. The normal duodenojejunal flexure was found to be readily 
displaceable in neonates and could be pushed to the right of the spine in over two- 
thirds of patients less than 4 months old. Over 4 years of age, mobility was very limited. 

A mobile duodenum discovered on fluoroscopic examination or by positioning of a 
transpyloric feeding tube should not be considered indicative of malrotation in infancy. 


Although recognition of the normal position and mobility of the ligament of Treitz 
is important for diagnosis of rotational anomalies, this normal anatomy has not 
been well defined for upper gastrointestinal examinations in children [1]. The 
position and mobility of the duodenum in children have largely been inferred from 
adult examinations or surmised from tube placement in infants (Fig. 1) [2-5]. We 
undertook this study to determine the normal position of the duodenum, to 
determine its mobility with manual displacement, and to identify characteristics of 
the normal duodenum that are altered in malrotation. 


Materials and Methods 


From 1955 to 1986 over 50 cases of surgically proved malrotation were collected as part 
of a pediatric radiology teaching file. Cases in which standardized measurements of the 
duodenum were unobtainable due to incomplete contrast filling, spinal deformity, situs 
inversus, or polysplenia were excluded. The other 35 patients (20 boys, 15 girls) had a mean 
age of 3.2 years, including 21 patients less than 6 months old; the five oldest patients were 
10-14 years old. Principal presentations were vomiting (n = 20), abdominal pain (n = 7), 
distension (n = 4), diarrhea (n = 2), and miscellaneous (n = 2). Among 34 cases of the 
incomplete rotation type of malrotation, surgical findings included obstructing Ladd bands (n 
= 18), midgut volvulus (n = 10), and duodenal web (n = 1). The single patient with reverse 
rotation also had a duodenal web. 

A control population of 43 patients (21 boys, 22 girls) was derived from a series of 44 
consecutive upper gastrointestinal examinations in which one of the authors was the principal 
radiologist. One patient was excluded because of surgically confirmed malrotation. Patients 
ranged in age from 1 day to 17 years (mean, 3.5 years). Sixteen patients were less than 6 
months old, and six were over age 10. Presenting symptoms included vomiting (n = 14), 
abdominal pain (n = 7), failure to thrive (n = 7), diarrhea (n = 5), apnea (n = 4), and 
miscellaneous (n = 6). Radiographic diagnoses were gastroesophageal reflux (n = 14), pyloric 
stenosis (n = 1), antral dyskinesia (n = 1), antral web (n = 1), esophageal varices (n = 1), 
and nonspecific duodenitis (n = 1). Twenty-four examinations were negative. 

In the control group, barium was administered orally or via a nasogastric tube in a right 
lateral position. Upon initial barium accumulation in the bulb and second duodenum, the 
patient was rolled supine. Posteroanterior camera spot radiographs were obtained rapidly (in 
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Fig. 1.—Straightening of duodenum by soft orojejunal feeding tube. 
Initially tube had followed a normal S-shaped course, but 2 days after 
placement, with tube wrapped tightly at mouth to prevent further advance, 
duodenum is almost completely straight, presumably because of distal 
peristaltic traction. Studies after removal showed return of duodenum to 
normal position without malrotation. 





Fig. 2.—A, Measurements of lower thoracic spine used in this study. 
Center of duodenal lumen at apex of bulb (point A), inferior flexure (point 
B), and duodenojejunal flexure (point C) define a triangle. Correction factor 
is mean of T11 interpediculate distance (x) and distance between T11 and 
T12 superior end-plates (y). Z is cephalocaudad distance between hori- 
zontal levels of points A and C. In this example, correction factor is /2(x + 
y) = %2(12 mm + 8 mm) = 10 mm. Line B-C is the longest side of the 
triangle and measures 40 mm. Corrected distance of line B-C is 40 mm/ 
10 mm = 4.0 (less than 2.6 is abnormal). Corrected distance of line Z 
should be no greater than 1.3 and in this example is 6 mm/10 mm = 0.6 
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midinspiration when possible) as the bolus progressed to the duo- 
denojejunal flexure. This flexure was then pushed to the right with 
slow deep palpation, and its maximal excursion radiographed. During 
rightward displacement incidental cephalocaudad motion was ob- 
served, but intentional displacement in this axis was not attempted. 
The malrotation group, of course, lacked duodenal displaceability 
data and standardized technique. 

The pylorus, the luminal center of the apex of the duodenal bulb, 
the inferior flexure at the juncture of the second and third duodenum, 
the native position of the duodenojejunal flexure, and the rightward 
displaced position of the duodenojejunal flexure (control group only) 
were identified on the radiographs. The inferior flexure point (Fig. 2) 
was defined as the most inferolateral aspect of the duodenal sweep. 
The duodenojejunal flexure was considered to be the most superior 
point of the barium column encountered distal to the inferior flexure. 
The vertebral body or disk level and the mediolateral relationship to 
the spine of each landmark were recorded. Ileocecal valve position, 
when shown, was also recorded on the basis of quadrants defined 
by the midline and the level of the L4 superior end-plate. 

Four measurements between the above landmarks were made 
directly on the radiographs obtained in the supine position without 
manipulation. Three of these measurements were of the sides of a 
triangle formed by the apex of the duodenal bulb, the inferior flexure, 
and the duodenojejunal flexure (Fig. 2). The fourth measurement was 
the cephalocaudal distance from the level of the apex of the bulb to 
the level of the duodenojejunal flexure (Fig. 2A). Variations in patient 
size and geometric magnification were compensated for by relating 
them to a standard. The measured distances described above were 
divided by a correction factor defined as the arithmetic mean of the 





1 cm 





B, Use of duodenal triangle in 14-year-old girl with incomplete rotation: 
correction factor = 1⁄2(x + y) = %2(24 mm + 30 mm) = 27 mm. Side A-B = 
54 mm/27 mm = 2.0 corrected distance. Side B-C = 50 mm/27 mm = 1.85 
corrected distance. Therefore, side B-C is not the longest side of the 
triangle and is also short (<2.6 corrected distance) compared with data 
from control patients. Vertical distance from A to C (23 mm/27 mm = 0.85 
corrected distance) and position of duodenojejunal flexure alone are not 
abnormal. Left-sided pylorus and right-sided zigzag jejunum fulfill three 
additional criteria for abnormality. 
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T11 interpediculate distance and the distance from the T11 superior 
end-plate to the T12 superior end-plate. Inclusion of both transverse 
and longitudinal components was necessary to adjust for the rela- 
tively greater longitudinal growth of the spine during childhood. The 
resultant dimensionless ratio was termed the corrected distance. 


Results 
Position of the Duodenum and Proximal Jejunum 


Nine criteria for distinguishing normal from abnormal duo- 
denal position were distilled from the comparative results of 
the controls and the cases of malrotation (Table 1). Normal 
mediolateral relationships included the pylorus to the right of 
midline, the duodenojejunal flexure to the left of the medial 
margin of the left row of pedicles, and a primarily left-sided 
jejunum. Cephalocaudal position of the duodenojejunal flex- 


TABLE 1: Criteria for Distinguishing Normal from Abnormal 
Duodenal and Jejunal Positioning on Upper Gastrointestinal 
Studies 





No. with Abnormality 





Present 
Landmark: Abnormal Findin 
Controls ee umented 
wh alrotation 
(n = 43) (n = 35) 
Pylorus: 
1, To left of midline 3 16 
Duodenojejunal flexure: 
2, Below level of L1-L2 disk in 
child under age 18 1 22 
3, >1.3 corrected distance be- 
low apex of bulb 1 20 
4, To right of left pedicle 0 16 
Segment between inferior and 
duodenojejunal flexures 
(B-C): 
5, Intervening obstruction 0 21 
6, Connecting line not longest 
side of triangle 1 24 
7, Connecting line <2.6 (cor- 
rected distance) 1 21 
Jejunum: 
8, Corkscrewing or zigzagging 
beyond duodenojejunal flex- 
ure 0 20 
9, To right of spine 1 23 
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TABLE 2: Normal Positions of Duodenal Landmarks in Children 
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ure was considered normal if it was superior to the L2 superior 
end-plate and was within 2 SD (1.3 corrected distance) of its 
mean location, which is at the level of the duodenal bulb apex. 
Using the duodenal triangle (Fig. 2), the line between the 
inferior flexure and the duodenojejunal flexure was normally 
the longest side of the triangle and had a mean length of 3.5 
+ 0.45 corrected distance. A length of less than 2.6 (—2 SD) 
was considered abnormal. Obstruction of the third or fourth 
duodenum and the proximal jejunal configuration provided 
the final two criteria. Distal duodenal obstruction often pro- 
duced transverse duodenal distension sufficient to normalize 
the shape of the duodenal triangle. 

Six of the 43 controls were found to have a single criterion 
that deviated from normal. This was considered insufficient 
to diagnose malrotation. The jejunum was primarily right- 
sided in one 8-year-old boy, but no other abnormality was 
found including ileocecal position in the right lower quadrant. 
One 6-week-old boy with pyloric stenosis fulfilled both abnor- 
mal criteria 3 and 6 in Table 1, with a corrected distance of 
1.79 between the horizontal levels of the apex of the bulb 
and the duodenojejunal flexure. Finding two abnormal criteria 
was considered indeterminate for malrotation, as one malro- 
tation patient also had only two abnormal criteria. The other 
34 patients with documented malrotation had three (n = 1) or 
more (n = 33) of the abnormal features listed in Table 1. The 
2-month-old malrotation patient with only two abnormal cri- 
teria had no positional abnormalities, but had obstructing 
duodenal bands and a corkscrew jejunum. In addition, the 
iliocecal position was in the right epigastrium. All other pa- 
tients with malrotation had some abnormality of duodenoje- 
junal flexure location based on criteria 2-4 in Table 1. Finding 
either duodenal obstruction or the corkscrew proximal je- 
junum was 100% specific, but 14% of the malrotation cases 
had neither feature. 


lliocecal Position 


While even subtle cases of incomplete rotation had detect- 
able upper gastrointestinal abnormalities, iliocecal position 
was sometimes normal in the presence of obvious duodenal 
findings of rotational anomaly. In seven of 22 patients with 
malrotation in whom the ileocecal area could be localized, it 
was in the right lower quadrant. In the other 15 patients it 
was in the right upper or left quadrants in seven patients each 
and in the left lower quadrant in one. 





No. Mediolateral (n = 43) Cephalocaudad 
Landmark Right Right Half Left Half Left 
of Spine of Spine of Spine of Spine Mean Lever ne 
Pylorus 24 16 1 T12-L1 T11-L1/L2 
Apex of bulb 33 10 0 T12-L1 T11/T12-L1/L2 
Inferior flexure 36 Fi 0 L3 L2-L3/L4 
Duodenojejunal flexure 0 0 37 T12-L1 T11-Superior half L2 


a Not medial to left pedicles. 
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TABLE 3: Rightward Displaceability of the Duodenojejunal Flexure 
% 





No. of 
Age ; Across 
Patients Midline 
0-4 months 13 92.3 
4-18 months T2 66.7 
18 months-4 years 6 66.7 
4-18 years 12 0 
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% Corrected Distance 
to Right 
of Spine Mean Mobility Range 
69.2 2.03 + 0.78 0.19-3.37 
16.7 1.43 + 0.97 0.20-3.35 
0 0.95 + 0.60 0-1.46 
0 0.08 + 0.12 0-0.35 
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Mobility of the Duodenojejunal Flexure 


The laxity of the attachments of the distal duodenum to the 
retroperitoneum in neonates permitted the duodenojejunal 
flexure to be readily displaced to the right of the spine in over 
two-thirds of infants (Table 3, Figs. 3 and 4). Lateral displace- 
ability, the corrected distance between the mediolateral po- 
sition of the native and manually displaced duodenojejunal 
flexure, ranged widely (from 0.19 to 3.37) in children up to 18 
months old. Moderate mobility was present from 18 months 
to 4 years (up to a corrected distance of 1.46). All children 
over 4 years had a well-fixed duodenojejunal flexure, with 
mobility less than 0.35 (corrected distance). Release of the 
displaced duodenum always resulted in prompt recoil of the 
duodenojejunal flexure to its original position. 


Discussion 


Malrotation, defined as failure of the embryologic midgut to 
rotate 270° counterclockwise on its return from the omphalos, 
results in abnormal mesenteric attachments and shortening 
of the base of the mesentery [6]. Incomplete rotation, the 
most common type of malrotation, is a spectrum ranging from 
zero to nearly full rotation of the midgut. Occasionally (20% 
in our series), the cecum completes its rotation despite an 
incompletely rotated duodenum, a condition frequently asso- 
ciated with duodenal obstruction and one that would be 
undetectable on barium enema [7, 8]. 

The ligament of Treitz, or Suspensory ligament of the 
duodenum, is identifiable anatomically as a band of connective 
tissue and smooth muscle that runs from the region of the 
root of the superior mesenteric artery inferolaterally to attach 
along a variable length of the third and fourth duodenum [9]. 
The smooth muscle fibers, which are continuous with the 
longitudinal muscle layer of the duodenum, are not found in 
all cadavers and are reported to be better developed in adults 
than in fetuses and neonates [10]. 

Decreased manual duodenal displaceability with increased 
age may be related to these observed changes in the sus- 
pensory ligament. Increased abdominal muscle tone and girth 
might be suspected to hamper application of the displacing 
force to the duodenum in older children; however, this does 
not explain why duodenal displacement by intestinal feeding 
tubes has been observed only in very young children [11]. In 
any case, we have shown that a readily displaceable duo- 
denum in a child younger than age 4 should not be taken as 
evidence of abnormal mesenteric fixation or malrotation. The 
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Fig. 3.—Diminishing mobility of ligament of Treitz with increasing age 
in control patients. Beyond age 4 mobility is quite limited. 


significance of finding a nondisplaceable duodenum in a neo- 
nate or a mobile duodenojejunal flexure in a school-age child 
has yet to be established. 

The duodenal landmarks in our study were found to be 
positioned more cranially than those reported in adults (Table 
4). This discrepancy may be explained by avoidance of deep 
inspiration in our series, erect and/or prone positioning in 
adult studies [2], greater frequency of a transversely oriented 
stomach in children [4], and actual caudal migration of the 
duodenum with advancing age [3]. The brief description of 
duodenal positions in the pediatric study by de Backer and 
Van de Putte [1] agrees with our data. 

Collection of a sizeable series of patients with surgical proof 
that the duodenum had a normal retroperitoneal course and 
that there was a long mesenteric base extending to the right 
lower quadrant would have been best but prohibitively time- 
consuming. Substantially different results would have been 
unlikely given the relatively low incidence of rotational anom- 
alies in the general population; but a larger series may better 
assess the statistical and biologic variation accounting for 
control patients fulfilling some of the abnormal criteria. Pro- 
spective collection of malrotation cases and assessment of 
duodenal mobility in this condition would be desirable for long- 
term future studies. 
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Fig. 4.—Normal mobility of duodenojejunal flexure (arrows) in 7-week-old neonate. 

A, Supine posteroanterior radiograph with duodenojejunal flexure in normal left upper quadrant position. 
B, Gloved hand used to displace flexure over spine. 

C, Further displacement of duodenojejunal flexure to right of spine. Right pedicle of L1 (arrowhead). 

D, Immediate return of duodenojejunal flexure to native position after withdrawal of pressure. 


TABLE 4: Vertebral Levels of Duodenal Landmarks (Summary of Literature) 





Average Vertebral Level of Duodenal Landmark 











Examination 
Reference, Year Age of Patients Position oe Duodenal Inferior Duodenojejunal 
Bulb Flexure Flexure 
[1], 1926 0-7 months Prone —- T12 L2-L3 - 
[2], 1929 College-age Supine L2 — — -= 
Erect L3 — -— — 
Prone L3 — — — 
[3], 1946 2d decade Prone — L1 L3 L2 
Erect — L2 — L2-L3 
6th-8th decades Prone — L2 L4 L2 
[4], 1953 3d-7th decades Supine —- T12-L1° — L1-L2° 
This study, 1987 0-17 years Supine T12-L1 T12-L1 
a Steer-horn and cascade stomach configurations. 
Although most cases of malrotation are detected easily on 1929;43:359-379 - | 7 
upper gastrointestinal series by subjective analysis, our nine a oy = Phe pipet = Ao O! Tha: RN in a Ming 
. . . . . . re) . ’ . ond 
criteria provide a method for identifying the other 10-1 5% of 4. Meschan I, Landsman H, Regnier G, Ward HW, Brogdon BG, Pool CS. 
cases of malrotation that are more subtle. We consider the The “normal” radiographic adult stomach and duodenum. South Med J 
presence of three or more abnormal criteria to be an indication 1953;46:878-886 
h i : ai ' H. Radiological observations during transpyloric tube feeding in infants of 
indeterminate, and ileocecal position should be assessed by low birth weight. Radiology 1980:136:67-75 
small-bowel follow-through or barium enema. One aberration 6. Tan WH. Incomplete rotation of the midgut in the newborn: a clinical and 
is considered to be within normal limits, but identification of radiologic investigation of 54 patients. Med Radiogr Photogr 1981;57:31- 
ileocecal position may be useful for corroboration. If no ab- 38 . . 7 | 
normalities are found, malrotation is excluded and the rest of 7. Firor HV, Harris VJ. Rotational abnormalities of the gut. Re-emphasis of a 
; í neglected facet, isolated incomplete rotation of the duodenum. AJR 
the evaluation depends on the presenting symptoms. 1974:120:315-321 
8. Berdon WE, Baker DH, Bull S, Santulli TV. Midgut malrotation and volvulus. 
Which films are most helpful? Radiology 1970;96:375-383 
REFERENCES 9. Haley JC, Peden JK. The suspensory muscle of the duodenum. Am J Surg 
1943;59:546-550 
1. de Backer, Van de Putte. Radiological study of the digestive tract in normal 10. Jit |. The development and the structure of the suspensory muscle of the 
infants. Br J Radiol 1926;31:493-497 duodenum. Anat Rec 1953;113:395-407 
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American Roentgen Ray Society 
Resident Award Papers, 1988 


The ARRS announces competition for the 1988 President's Award and two Executive Council's Awards for the best 
papers concerning the clinical application of the radiologic sciences. 


Awards 


The winner of the President’s Award will receive a certificate and a $1000 prize. The winners of the two Executive 
Council Awards will each be given a certificate and a prize of $500. The winners will be announced on March 15, 1988. 
Winning papers will be presented at the ARRS annual meeting at the San Francisco Hilton Hotel, San Francisco, CA, 
May 7-12, 1988. Winning papers will be submitted for early publication in the American Journal of Roentgenology. All 
other papers will be returned to the authors. 


Regulations 


Eligibility is limited to residents or fellows in radiology who have not yet completed 4 years of approved training in a 
radiologic discipline. A letter from the resident's department chairman attesting to this status must accompany the 
manuscript. The resident must be the sole or senior author and be responsible for all or most of the project. 

Submitted manuscripts must not exceed 5000 words and have no more than 10 illustrations. Four copies of the 
manuscript and illustrations are required. 

Deadline for submissions is January 29, 1988. Send papers to: 

B. G. Brogdon, M.D. 

Chairman, Committee on Education & Research 
American Roentgen Ray Society 

Department of Radiology 

University of South Alabama Medical Center 
2451 Fillingim Street 

Mobile, AL 36617 
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Radiologic-Pathologic Correlation 


Conference 





Vascular Thrombosis and Homocystinuria 


Robert Zimmerman,’ Richard G. Sherry,” J. Clint Elwood,° Lytt I. Gardner,* Barbara W. Streeten," ° 5 


E. Mark Levinsohn,? and Bedros Markarian? 


This is the eighth in a continuing series of Radiologic- 
Pathologic Correlation Conferences from the State University 
of New York (SUNY) Health Science Center at Syracuse. It 
features Dr. Robert A. Zimmerman, Professor of Radiology 
and Co-Director of Neuroradiology at the Hospiial of the 
University of Pennsylvania, Philadelphia, PA. The conference 
was moderated by Dr. Richard G. Sherry, Assistant Professor 
of Neuroradiology at SUNY Health Science Center at Syra- 
cuse. 

Dr. Richard Sherry.—The patient is a 14-year-old white 
boy who presented to the University Hospital with severe 
headaches of 2 days’ duration and difficulty in walking of 1 
day’s duration. He seemed uncoordinated and was confused 
about time and events. For 2 weeks before his admission, he 
had a flulike illness with low-grade, intermittent fever, nausea, 
and vomiting. 

On admission he had impaired upward gaze, bilaterally 
positive Babinski reflexes, and mild papilledema. He was 
unable to stand or walk by himself but was awake and was 
aware of the examiner. Because of the physical findings, a 
CT scan of the brain was performed and will be discussed by 
Dr. Zimmerman. 

Dr. Robert A. Zimmerman.—Figure 1 is an unenhanced 
axial image of the brain. The ventricles appear to be of normal 
size without mass effect. There is density surrounding the 
upper brainstem through the base of the thalamus. There is 
increased density in the ambient cistern that is too medial for 
physiologic calcification such as calcified choroid plexus or 
calcified pineal gland and too localized to be hemorrhage. 
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This hyperdensity probably represents a clot within the basilar 
vein of Rosenthal. 

Figure 2 is an unenhanced axial scan at a higher level. 
There are two dense parallel stripes seen in the roof of the 
third ventricle that resemble the internal cerebral veins. The 
combination of increased density in both the straight sinus 
region and region of the vein of Galen raises the suspicion of 
a coagulation abnormality within the deep venous system, 
causing dense intravascular clots [1]. 

Figure 3 is a contrast-enhanced axial CT scan of the brain. 
Enhancement of the falx, the anterior cerebral artery, the 
choroid plexus, and the region of the middle cerebral arteries 
is normal. In addition to that, there is marked enhancement 
in and around the straight sinus, which is wider than the area 
that appears to be clotted. This may be collateral venous 
drainage parallelling a dilated and partially thrombosed 
straight sinus. 

There is lucency within the confluence of the sinuses with 
enhancement of the leaves of the falx surrounding the sinus. 
The dural sinuses should normally enhance throughout be- 
cause the opacified blood is flowing within it. If there is clot 
within the sinus, the leaves of the falx may appear denser 
than the luminal content. This has been described as the delta 
sign and is associated with thrombosis of the superior sagittal 
sinus [2]. 

Dr. Edwin Cacayorin.—Dr. Zimmerman, how would you 
distinguish the findings you have described here from men- 
ingitis? 

Dr. Zimmerman.—In meningitis, we see enhancement of 
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the subarachnoid space. The meninges become engorged 
and show striking enhancement after contrast administration. 
Meningeal enhancement is usually seen around the falx and 
the tentorium, and also the sylvian fissure and the basilar 
cisterns. Usually patients with meningitis are young and very 
sick. Most patients are seen within the first 6 to 7 years of 
life and have hemophilus influenza meningitis. 

Dr. Sherry.—In order to confirm the CT diagnosis, an 
angiogram was performed. 

Dr. Zimmerman.—Figure 4 is the lateral subtraction view 
of the late venous phase of the carotid arteriogram, which 
shows veins draining superiorly over the convexity of the 
hemisphere toward the superior sagittal sinus. There is com- 
plete lack of filling of the superior sinus with engorged veins 
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Fig. 1.—CT scan showing area of 
localized, linear, increased density 
around cerebral peduncles (arrows). 
This indicates thrombosis of basal 
veins of Rosenthal. 


Fig. 2.—Noncontrast scan at slightly 
higher level than Fig. 1 showing throm- 
bosis of portions of deep venous sys- 
tem. Increased density is seen in inter- 
nal cerebral veins (arrow), vein of 
Galen, and straight sinus. 


Fig. 3.—Contrast-enhanced scan at 
same level as Fig. 2. Abnormal widen- 
ing of straight sinus is due to enhancing 
collateral circulation. intraluminal filling 
defect (arrow) is evident in confluence 
of sinuses. 


Fig. 4.—Venous phase of lateral left 
carotid injection. Sagittal sinus and 
deep venous system fail to opacify. 
Note opacification in portion of trans- 
verse sinus and sigmoid sinus (arrow). 


approaching but not entering it. Extensive collateral venous 
drainage is directed toward the cranial base, and large venous 
anastomoses drain from superior to inferior. We see what 
appears to be Labbé’s vein draining toward the transverse 
sinus. The internal cerebral veins, the vein of Galen, and the 
straight sinus are not seen. These findings are consistent 
with superior sagittal sinus thrombosis. 

Children have venous occlusive disease more often than 
adults [3]. Possible causes for spontaneous venous throm- 
bosis in children include hemoglobin SS or sickle-cell disease, 
trauma, and infection, particularly in immunosuppressed pa- 
tients. Viral, ricketsial, or leptospiral infections usually affect 
venules, capillaries, and arterioles rather than large vessels 
such as the superior sagittal sinus. Dehydration is an impor- 
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tant cause in the first 10 days of life, particularly if the patient 
had nausea with vomiting or diarrhea. Hypercoagulable 
states, polycythemia, leukemia, diabetes, and venous stasis 
from cyanotic congenital heart disease are additional consid- 
erations. 

Dr. Sherry.—The patient was stabilized and discharged on 
anticoagulation medication. Four months later, an elective 
angiogram was performed that showed persisting thrombosis 
of the sagittal sinus with good collateral drainage. Beading 
and irregularity of the walls of both internal carotid arteries 
were noted but there were no arterial occlusions or intralu- 
minal thrombi. Several hours after the angiogram, the patient 
suffered a left hemispheric stroke, developing right hemipa- 
resis and slurred speech. A CT scan was normal. An emer- 
gency carotid angiogram was performed. 

Dr. Zimmerman.—Figure 5 is the arterial phase of a left 
carotid injection, which shows narrowing of the intracaver- 
nous segment of the internal carotid artery up to the origin of 
the ophthalmic artery. Just above the origin of the ophthalmic 
artery is stenosis with irregularity and beading of the arterial 
wall. The origins of this vascular irregularity may be sponta- 
neous but also include guidewire spasm and intramural he- 
matoma. Other considerations include premature atheroscle- 
rosis related to hypercholesterolemia; fibromuscular dyspla- 
sia, which usually occurs in the midportion of the internal 
carotid artery, is often bilateral, and may involve the vertebral 
artery; vasculitis, which usually does not affect large vessels 
such as this; homocystinuria, Marfan’s disease, neurofibro- 
matosis, and Ehlers-Danlos syndrome. 

Figure 6 is another view from the left common carotid 
arteriogram showing the carotid bifurcation. An irregular filling 
defect lying inside the internal carotid artery appears to be a 
thrombus. A luminal hypodense abnormality, most likely rep- 
resenting an intravascular clot, was seen on the opposite side 
(not shown). 

Homocystinuria can produce clots in both the arterial and 
venous systems as well as intimal irregularity of the arterial 


Fig. 5.—Lateral view of left carotid 
artery injection. There is beading of 
wall of distal cervical segment, cavern- 
ous segment, and proximal supracii- 
noid segment with marked diminution 
in caliber of artery, particularly in su- 
praclinoid segment. 


Fig. 6.—Lateral view of left common 
carotid artery shows intraluminal filling 
defect in proximal internal carotid ar- 
tery (arrow). 


Fig. 7.—IV digital subtraction angio- 
gram showing a large thrombus in dis- 
tal abdominal aorta, just above aortic 
bifurcation. There is focal narrowing of 
left iliac artery. 
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wall [4, 5]. Antithrombin 3 deficiency has been reported to 
produce clots in young patients with hypercholesterolemia. 
There is a whole family of genetic problems with premature 
atherosclerosis setting up possible clots. We have seen some 
young patients, the youngest being 2 years old, showing 
atherosclerotic plaques leading to thrombi and infarcts. 

Dr. Sherry.—The evening following the third angiogram, 
the patient developed cold legs with diminished leg pulses 
and bilateral leg pain. We were concerned that he might be 
forming thrombi in the aorta or iliac arteries, or that perhaps 
an aortic dissection had occurred. To differentiate among 
these possibilities, a digital IV angiogram was performed to 
examine the distal aorta and iliac vessels. 

Dr. Zimmerman.—Figure 7 is a digital IV subtraction angio- 
gram. A filling defect representing a large thrombus is present 
in the distal aorta. Focal narrowing of the left iliac artery is 
seen. The major feature is the occurrence of thromboembo- 
lism in the venous and arterial vessels of a young patient. 
These episodes are both spontaneous and related to the 
procedure. Intimal irregularity and vascular stenosis are also 
present. 

Morreels et al. [6] reported that a series of patients with 
homocystinuria showed a clinical pattern resembling this pa- 
tient’s pattern and had a median age of 14 years. | believe 
that this patient has homocystinuria. Many patients with that 
disorder are mentally retarded and have seizures. The prev- 
alence of this autosomal recessive disease is 0.2-0.3% of 
inmates in homes for the mentally retarded. In Northern 
lreland, where homocystinuria was discovered, the frequency 
is 1 in 35,000 of the general population [7]. 

Dr. Sherry.—The patient is of Welsh origin and has done 
poorly in school. Neuropsychiatric evaluation revealed a bor- 
derline IQ and difficulty with spatial orientation. Although he 
never had seizures or anemia, physical examination showed 
a subluxated lens in his left eye, and a urine test for homo- 
cysteine was positive. 

Dr. Barbara W. Streeten, Professor of Ophthalmology and 
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Pathology and Director of the eye pathology laboratory, will 
discuss the pathologic basis for the ophthalmologic findings. 

Dr. Barbara W. Streeten.—The association of a subluxated 
lens and arterial and venous clotting in this mildly retarded 
boy strongly suggests homocystinuria. Homocystinuric pa- 
tients superficially resemble those with Marfan’s disease, 
having subluxated lenses, vascular disease, and sometimes 
even the physical characteristics of Marfan's disease, al- 
though the full spectrum of each of these diseases is certainly 
very different [8]. The direction of lens dislocation is one 
dissimilar point, as the lens in homocystinuria dislocates 
downward, and in Marfan’s disease, up and inward, for un- 
known reasons. The susceptibility to large-vessel thrombosis 
in homocystinuric patients is well known to ophthalmologists, 
because it is the major complication of surgery for a dislocated 
lens or for acute glaucoma, induced by the lens when it floats 
into the anterior chamber. 

Lens dislocation in homocystinuria is progressive, so that 
by the age of 25 years, 90% of the lenses have dislocated. 
Normally the lens is held in place only by its suspensory 
ligament, composed of the zonular fibers. These fibers be- 
come increasingly fragile in homocystinuria, finally rupturing 
Close to the ciliary body and collapsing upon the lens equator 
where they appear opaque and visible as a “lens fringe” that 
gradually disappears with time. 

The pathogenic mechanism for the increasing failure of 
zonular aggregation is unknown, although zonular fibers do 
have a high content of cystine. No similar pathology of elastic 
microfibrils elsewhere in the body has been reported, but in 
homocystinuria there are a number of findings frequently seen 
in connective-tissue diseases such as an increase in interfi- 
brillar matrix in vessel walls, fragmentation of elastic fibers. 
and possibly some acceleration of arteriosclerosis. This dis- 
ease process is not easily related to the serious clotting 
abnormality evident at a young age. The most intriguing 
question is whether the lens and clotting abnormalities have 
a common pathogenesis. It has been suggested that clotting 
might be a purely secondary phenomenon due to the high 
concentration of homocysteine, which is thought to be a 
thrombogenic agent. 

Dr. Sherry.—Dr. J. Clint Elwood, Professor of Biochemistry, 
will discuss metabolic pathways leading to homocystinuria. 

Dr. J. Clint Elwood.—Homocystinuria is a genetically me- 
diated disorder of methionine metabolism. Methionine has a 
dual role in metabolism: (1) as an essential amino-acid building 
block of protein synthesis and (2) as a methyl donor for 
various transmethylation reactions. Methylation is necessary 
for the production of many biologically important compounds 
such as choline, epinephrine, and some catecholamines. 
Homocysteine is demethylated methionine. A biologic cycle 
exists where homocysteine is methylated to ultimately form 
activated methionine, which undergoes transmethylation to 
form homocysteine again. These reactions involve the vita- 
mins folic acid and B,2. Another fate of homocysteine is its 
conversion to cystathionine. This metabolite is created when 
serine is coupled to homocysteine by using the enzyme 
cystathionine synthetase. 

This enzyme, cystathionine synthetase, is deficient in the 
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majority of patients who develop homocystinuria. There are 
elevated blood levels of methionine and homocystine and 
urinary spillage of homocysteine. Levels of 250 mg/24 hr can 
usually be detected by the nitroprusside test, which can give 
false-negative results if large doses of pyridoxine are being 
administered. The final reaction sequence in the metabolism 
of homocysteine is the degradation of cystathionine to form 
cysteine mediated by the enzyme cystathionase. Cystathio- 
nine synthetase and cystathionase both require pyridoxal 
phosphate as a cofactor. 

Dr. Sherry.—At this time, Dr. Lytt |. Gardner, from the 
Regional Genetic Center, Department of Pediatrics, will dis- 
cuss some of the clinical features and treatment of homocys- 
tinuria. 

Dr. Lytt I. Gardner.—In 1962 two pediatric groups, one in 
Ulster, Northern Ireland, and the other in Madison, WI, inde- 
pendently identified children with homocystinuria. Carson and 
Neill at the Royal Victoria Hospital in Northern Ireland sur- 
veyed all of the mentally retarded children in their register for 
that area [7]. They examined urine specimens of 2000 children 
with mental retardation by using paper chromatographic 
analysis and discovered 49 cases of phenylketonuria. They 
also identified two sisters, ages 5 and 9 years, with excessive 
homocystinuria. Both of those patients had seizures, severe 
mental retardation, red cheeks, genu valgum, brittle hair, and 
bluish mottling of the skin, especially on their legs. These 
represent the first reported cases of homocystinuria. The 
older child also had an enlarged liver and elevated liver 
enzymes. 

That same year, Gerritsen et al. in Madison, WI, working in 
the developmental retardation institute of the University’s 
Department of Pediatrics, described a male infant with failure 
to thrive and dislocated lenses. His urine was studied with 
column chromatography and contained excessive homocys- 
tine [9]. He was only at the third percentile for length and 
weight, and he died on his first birthday. Autopsy showed 
thromboembolism of the right pulmonary artery and bilateral 
pulmonary infarcts. This child had elevated urine homocystine 
and plasma methionine levels. In 1964, Gerritsen and Wais- 
man reported another case of a 42-year-old boy with mental 
retardation and elevated urine homocystine whose plasma 
methionine was normal [10]. It may just be a coincidence, but 
these two cases probably represented the two principal cat- 
egories of homocystinuria cases encountered now: homocys- 
tinuria caused by cystathionine synthetase deficiency (the 
most common form), and homocystinuria representing failure 
of methyl donor groups resulting from methionine tetrahydro- 
folate reductase deficiency (a rare form). More than 350 cases 
of cystathionine synthetase deficiency have been described 
so far; only a few cases of the second type exists [11]. 

The nitroprusside test is usually used for diagnosis. Unfor- 
tunately, false negatives occur that may delay diagnosis, 
leading to intravascular catheter studies that are harmful to a 
patient with homocystinuria. There have been numerous ad- 
monitions against excessive intravascular manipulation. A 
false-negative result from a nitroprusside test may occur with 
vitamin Be-responsive homocystinuria [12]. In vitamin Be- 
responsive homocystinuria, the ordinary daily intake of vitamin 
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Bs may cause a negative nitroprusside test [11]. It has there- 
fore been suggested that exogenous vitamin supplements be 
discontinued for at least 1 month before nitroprusside test is 
performed to avoid false-negative results. 

The prevalence of the gene for homocystinuria is difficult 
to ascertain because of its heterogeneity. In patients with 
spontaneous dislocation of the lens, approximately 5% are 
suspected of having homocystinuria. Excessive amounts of 
urinary homocystine require some time to develop after birth 
and for this reason may not be identified in mass screening 
of newborn urine. Because of these features, the number of 
cases of homocystinuria in the general population has prob- 
ably been underestimated. The apparent prevalence of hom- 
ocystinuria due to cystathionine synthetase deficiency in in- 
dustrialized countries is 1:200,000 when blood methionine 
concentration is used as the identifying criterion in the new- 
born [13]. The frequency in Ireland is 1:60,000 [11]. 

Dr. Sherry. —This case history has a relatively happy end- 
ing. The patient is being treated with pyridoxine and an 
appropriate diet, and his urinary homocystine levels are now 
in the normal range. So far, he has had no more problems 
with intravascular thromboses. 

Dr. Nicholas DeVries.—A group from the Netherlands 
looked at the question of homocystinuria and vascular throm- 
bosis [14]. They looked at unselected patients under the age 
of 50 years with premature vascular disease and found that 
30% of patients with premature cerebrovascular disease and 
peripheral vascular disease were heterozygous for homocys- 
tinuria. These findings did not apply to patients with premature 
coronary artery disease [14]. 
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Neonatal Hydronephrosis in 
the Era of Sonography 


During a 6-year period (1979-1985), 142 neonates with significant hydronephrosis 
were seen. Seventy-eight percent of the cases were discovered on fetal screening 
during obstetric sonography. Maternal/fetal intervention was virtually never indicated 
and most babies were asymptomatic. The most common conditions found were obstruc- 
tion of the ureteropelvic junction (41%), obstruction of the distal ureter (usually primary 
megaureter) (23%), upper-pole hydronephrosis associated with duplex anomalies 
(13%), and posterior urethral valves (10%). Seventeen neonates with multicystic dys- 
plastic kidney were seen (three per year or one for every eight with hydronephrosis). In 
comparison, during the 30-year period, 1947-1977, 146 neonates with significant hydro- 
nephrosis were seen. Most cases were discovered because the patients had signs and/ 
or symptoms—either an abdominal mass (an enlarged kidney or bladder) or urosepsis. 
The three most common conditions were obstruction of the ureteropelvic junction (22%), 
posterior urethral valves (19%), and ectopic ureterocele (14%). During this period, 53 
neonates with multicystic dysplastic kidney were discovered (two per year or one for 
every three with hydronephrosis). 

The dramatic increase in the number of neonates found to have hydronephrosis is 
primarily due to the widespread use of obstetric sonography and concomitant fetal 
screening. The pattern of causes before 1979 represented the incidence of symptomatic 
lesions. The current pattern more accurately reflects the true incidence of congenital 
anomalies of the urinary tract. 


Before sonography made possible the examination of the fetus in utero, hydro- 
nephrosis was usually recognized in the neonate during evaluation for an abdominal 
mass or urosepsis. Unless signs or symptoms were present, the abnormality would 
often go undetected. Eventual urosepsis and/or ongoing loss of renal function in 
the affected kidney were common late manifestations. Now, with the availability 
and increasing use of fetal screening during obstetric sonography, many cases of 
asymptomatic hydronephrosis are being detected. This has resulted in a marked 
increase in the number of cases detected as well as a change in the pattern of 
causes. This is because the spectrum that was seen in the era before sonography 
was not a representation of the true incidence of abnormalities but rather of the 
relatively small subset of symptomatic lesions that presented in the neonatal period. 
This changing information on the pattern of neonatal hydronephrosis has important 
implications for both the investigation and the treatment of these patients. 


Materials and Methods 


The case records and radiographs of all neonates with hydronephrosis who were evaluated 
at The Children’s Hospital, Boston, during the 6-year period, 1979-1985, were reviewed. 

All of the patients had postnatal investigations to confirm and characterize their hydrone- 
phrosis, which included some combination of renal sonography, voiding cystourethrography 
(VCUG), excretory urography, and renal scintigraphy (either DMSA [technetium-99" dimer- 
captosuccinic acid], DTPA [technetium-99™ diethylenetriaminepentaacetic acid], or both). 
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TABLE 1: Hydronephrosis and Multicystic Dysplastic Kidney in Neonates (1979-1985) 




















= Affected Gender | 
Diagnosis Neonates m F Unilateral 
Ureteropelvic junction ob- 
struction 58 41 17 39 
Distal ureteral obstruction 33 24 9 29 
Duplex anomalies with up- 
per-pole hydrone- 
phrosis 19 1 18 18 
Posterior urethral valves 14 14 0 — 
Reflux 10 7 3 3 
Prune belly 6 6 0 — 
Miscellaneous 2 2 0 — 
Totals 142 95 47 
Multicystic dysplastic kid- 
ney 17 11 6 17 


Presentation Surgery 
Bilateral 
Prenatal Neonatal Immediate Later None 
19 53 5 48 1 9 
4 26 7 28 1 4 
i 16 3 19 0 0 
— 6 8 14 0 0 
7 7 3 9 0 1 
— 1 5 4 0 2 
— 1 1 2 0 0 
110 32 
0 12 5 12 0 5 





* Four others had bilateral duplex systems with only unilateral upper-pole hydronephrosis. 


Also included in this report are the neonates who were found to 
have a multicystic dysplastic kidney (MCDK) during the same 6-year 
period. 


Results 
Hydronephrosis 


One-hundred forty-two neonates with hydronephrosis were 
identified. Seventy-seven percent (110) were detected with 
fetal screening during maternal sonography. The causes of 
hydronephrosis, the gender of the child, and the side(s) af- 
fected are included in Table 1. 

Ureteropelvic junction obstruction.—Obstruction at the ure- 
teropelvic junction (UPJ), the most common cause of hydro- 
nephrosis, was present in 58 neonates (41%). Fifty-three 
(91%) of these were discovered because fetal hydronephrosis 
was seen on prenatal sonography. Of the remaining five, one 
had a palpable flank mass noted on routine physical exami- 
nation after delivery and four had hydronephrosis detected 
during postnatal screening because they had other congenital 
anomalies. The diagnosis was generally straightforward and 
was based on the results of VCUG, excretory urography, and 
sonography. One patient had percutaneous antegrade pye- 
lography because there was no visualization of the affected 
kidney on excretory urography [1]. 

Coexisting urinary tract abnormalities were seen in 17 
patients. Seven of these had vesicoureteral reflux, which was 
bilateral in three, ipsilateral in two, and contralateral in two. 
The reflux was mild in degree, except in two infants with 
bilateral reflux in whom it was moderate. (Grading of reflux is 
problematic when it coexists with obstruction [2].) Antireflux 
surgery was performed in one of these. Other ipsilateral 
anomalies included two patients with a bifid ureter and one 
with complete ureteric duplication. The UPJ obstruction af- 
fected the lower pole in each. One had UPJ obstruction in 
one-half of a horseshoe-shaped kidney in which pyonephrosis 
developed while he was awaiting elective pyeloplasty. This 
required percutaneous nephrostomy drainage before surgery. 
Contralateral anomalies included MCDK (two patients), pri- 
mary megaureter (one patient), and agenesis (one patient). 

Forty-eight had corrective surgery on the basis of their first 
postnatal uroradiologic studies. One infant had only mild 


obstruction soon after birth, but at the time of follow-up 
examination at 6 months, the obstruction had become severe 
and corrective surgery was performed. Surgery has not been 
performed in nine with mild obstruction, and they continue to 
be observed. Six have remained stable and three have im- 
proved, with follow-up ranging from 6 to 19 months. 

In the patients who had corrective surgery, the obstructed 
kidney (or portion thereof) had satisfactory relief of obstruction 
in all cases. One infant had nephrectomy instead of pyelo- 
plasty because the kidney was not functional. (This same 
patient had two prenatal aspirations of the dilated renal- 
collecting system before referral to our hospital.) 

A surgical complication was seen in one infant. There was 
loss of function in the upper pole of a kidney with a bifid 
collecting system after a lower-to-upper pyeloureterostomy 
for lower-pole UPJ obstruction. 

Distal ureteral obstruction.—The second most common 
cause of hydronephrosis was obstruction at the distal end of 
the ureter and was seen in 33 cases (23%). Thirty of these 
had a primary megaureter; two had a single (nonduplex), 
ectopic ureter with a ureterocele; one had bilateral single 
systems with bilateral orthotopic ureteroceles but only unilat- 
eral hydroureteronephrosis. Twenty-six (79%) of the 33 cases 
were identified in utero with screening sonography whereas 
seven were recognized in the neonatal period. Of those 
presenting as neonates, two had urosepsis, two had a pal- 
pable mass in the flank, and three were diagnosed during the 
workup of other congenital anomalies. 

Diagnostic difficulties were encountered in three. Two had 
unsuspected coexisting ipsilateral UPJ obstruction; one ob- 
struction was discovered during surgery and repaired, the 
other was found on postoperative radiographic studies and 
was subsequently treated with pyeloplasty. In the third infant 
a percutaneous antegrade pyelogram was done because the 
site of obstruction could not be determined by excretory 
urography. 

Coexisting abnormalities were seen in 14 neonates. Six 
had vesicoureteral reflux: ipsilateral in two (both with primary 
megaureter), bilateral in two (both with primary megaureter), 
and contralateral in two (one with primary megaureter). The 
other patients with ipsilateral anomalies included the two with 
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UPJ obstruction already mentioned, two with complete ure- 
teric duplication whose primary megaureter was associated 
with the lower pole in each, and one with crossed renal ectopia 
with primary megaureter involving the ectopic unit. Contralat- 
eral anomalies were seen in three patients; two had renal 
agenesis and one had an MCDK. 

Surgery based on the first radiographic evaluation was 
performed in 28 cases and in most consisted of excision of 
the distal segment of the ureter, ureteroplasty, and reimplan- 
tation. The two patients with single (nonduplex) ectopic ure- 
ters underwent nephrectomy because of nonfunction of one 
dysplastic kidney. One of these is the case of delayed surgery 
listed in Table 1. She was discovered to have unilateral 
hydronephrosis in utero but, because of poor communication 
among medical staff, it was not followed up until she was 2 
years old. No surgery has been performed in four infants 
because their hydroureteronephrosis is mild, and they con- 
tinue to be examined for up to 14 months. 

Surgical complications occurred in three patients. One de- 
veloped a stricture of the distal ureter and required reopera- 
tion. One with bilateral primary megaureters developed bilat- 
eral vesicoureteric reflux after megaureter repairs. Intraoper- 
ative disruption at the right UPJ occurred in one neonate 
undergoing bilateral megaureter repair for primary megaure- 
ter. All patients have eventually had a successful outcome 
with normal renal function. 

Duplex anomalies with hydroureteronephrosis of the upper 
pole.—The third most common cause of neonatal hydrone- 
phrosis was obstruction of the distal ureter that drained the 
upper pole of acompletely duplicated collecting system. There 
were 19 such patients (13%). Twelve did not have associated 
ureteroceles (ectopic ureter without ureterocele), whereas 
seven did (ectopic ureterocele). Sixteen patients were identi- 
fied by obstetric sonography. Three others first presented in 
the neonatal period, two of whom had urosepsis. The other 
was diagnosed incidentally during a workup for apnea, at 
which time urinary tract infection was diagnosed. 

Diagnostic difficulties were encountered in two patients. 
One was thought to have a single (nonduplex) collecting 
system with hydroureteronephrosis and a ureterocele, but at 
surgery this was actually found to be the upper pole of a 
duplex system. Another with left hydroureteronephrosis was 
thought to have bilateral duplex systems with ectopic ure- 
teroceles (with ureterocele disproportion explaining the occult 
nature of the findings on the right) [3]. At surgery, however, 
only a left-sided, bilobed ureterocele was found. The right had 
a normal, single collecting system. 

Coexisting abnormalities were seen in 12 cases. Two had 
bilateral vesicoureteric reflux. In one of these the reflux was 
into the ipsilateral upper pole and into the contralateral single 
system. In the other, the reflux was into the ipsilateral lower 
pole and the contralateral single system. Seven had unilateral 
reflux. In four it was into the ipsilateral lower pole. In three it 
was contralateral; in two of these it was into a single system 
and in the other it was into the lower pole of a duplicated 
system. Two had ipsilateral, lower-pole UPJ obstruction, and 
one had a horseshoe-shaped kidney. 

Surgery based on the first evaluation was performed in all 
19 cases. Eleven had upper-pole heminephrectomy, and four 
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underwent upper-to-lower ureteroureterostomy or pyeloure- 
teroureterostomy with decompression of the ureterocele from 
above; three of these subsequently had excision of their 
ureterocele [4]. Four had primary excision of the ureterocele 
plus common sheath ureteral reimplantation. The outcome 
has been satisfactory in all cases. 

Posterior urethral valves.—Posterior urethral valves (PUV) 
were the fourth most common cause of hydronephrosis and 
were found in 14 patients (10%). Eight (57%) presented in 
the neonatal period, four (29%) with poor urine output, two 
(14%) with urosepsis, and one each (7%) with failure to thrive 
and urine ascites. Only six were detected on prenatal sonog- 
raphy. Eight boys had VUR, which was bilateral in five. One 
had a unilateral MCDK. 

Diagnostic evaluation was straightforward in all. One had a 
small perforation of the posterior urethra secondary to cath- 
eterization for VCUG but this healed spontaneously without 
a stricture. 

Transurethral fulguration of valves, based on the first eval- 
uation, was performed on all patients. In some, this was done 
after a period of vesicostomy or urethral catheter drainage. 
Three infants have required a subsequent ureteral reimplan- 
tation for persistent unilateral ureterovesical obstruction, and 
one of these had a reimplant on the opposite side for persist- 
ent vesicoureteric reflux. Twelve patients have had a satisfac- 
tory outcome, but two with chronic renal failure are being 
followed. 

Vesicoureteric reflux.—Vesicoureteric reflux (VUR) was 
commonly seen in association with other causes of hydrone- 
phrosis but as a primary cause it accounted for 10 cases 
(7%). Seven cases were identified with maternal sonography, 
and three cases were discovered in the neonatal period: one 
with urosepsis, one with failure to thrive, and one as an 
incidental finding during evaluation for a possible rectourethral 
fistula. 

One patient had an unsuccessful attempt at in utero drain- 
age for suspected bilateral hydroureteronephrosis presumed 
to be due to posterior urethral valves. He was delivered at 
34-weeks gestation because of the hydronephrosis and after 
referral to our hospital had left nephroureterectomy. He is 
now doing well with good growth of the right kidney. 

The VUR was bilateral in seven, and in two of these the 
reflux was into the lower pole of a duplex system on each 
side. One neonate with a refluxing single system had a normal 
contralateral duplex system. Another patient had a single 
(nonduplex) refluxing urethral ectopic ureter [5]. 

Surgery (reimplantation of the refluxing ureter), based on 
the first evaluation, was performed in nine cases. The neonate 
who was presumed to have posterior urethral valves had a 
left nephroureterectomy and reimplantation on the right. In 
one patient, bilateral grade III/V reflux was discovered during 
the workup of multiple anomalies and is being followed. No 
surgical complications occurred. All patients have done well 
except one with dysplastic kidneys who had successful ure- 
teral reimplants but is being followed because of chronic renal 
failure. 

Prune-belly syndrome.—Six boys with hydroureterone- 
phrosis had the so-called prune-belly syndrome (4%). Only 
one case was discovered with obstetric sonography. The 
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other five were diagnosed at birth because of the character- 
istic clinical features. One of these had been evaluated by 
sonography at 25-weeks gestation, but no abnormalities were 
recognized. Two had bilateral renal dysplasia and Potter's 
syndrome and died within several days of birth. They were 
not investigated urographically. Of the remaining four, all had 
bilateral vesicoureteric reflux. In addition, one had unilateral 
UPJ obstruction, and another had bilateral distal ureteral 
obstruction. 

Surgery, based on the first evaluation, was performed in 
four. Two with chronic renal failure are being followed and 
two have been lost to followup. 

Miscellaneous.—Two patients with miscellaneous causes 
of hydronephrosis are included in Table 1. One presented at 
2 weeks of age with oliguria and was found to have a huge 
diverticulum on the left side of the bladder that intermittently 
caused obstruction of the bladder neck and urethra. This 
resulted in bilateral hydroureteronephrosis and massive left 
VUR. Diverticulectomy and left ureteral reimplantation were 
performed, and he is doing well. The other neonate had 
bilateral hydronephrosis detected on prenatal sonography. 
Postnatal investigations, which included percutaneous ante- 
grade pyelography, revealed a duplicated urethra, bilateral 
bladder diverticula, and bilateral VUR. The left kidney was 
dysplastic. This patient underwent bilateral loop-cutaneous 
ureterostomies and is being followed for chronic renal insuf- 
ficiency. 


Multicystic Dysplastic Kidney 


During the same period, 17 neonates with MCDK were 
seen in addition to the 142 with hydronephrosis. Twelve of 
these were detected on prenatal sonography (71%). The other 
five presented as neonates: four with a palpable flank mass 
and one discovered incidentally during investigation for sacral 
agenesis because the infant’s mother had diabetes mellitus. 

Coexisting urinary abnormalities were present in two. One 
had ipsilateral reflux up to the atretic portion of the ureter. 
The other patient had a dysplastic but functioning contralat- 
eral kidney. 

Ipsilateral nephrectomy was performed in 12, and the 
MCDK was not removed in the other five. Sixteen are doing 
well and one has been lost to followup. 


Discussion 


In 1977, one of the authors [6] reviewed all the cases of 
hydronephrosis detected during the first 4 weeks of life (the 
neonatal period) at The Children’s Hospital, Boston, during 
the 30-year period, 1947-1977. This period took place before 
the widespread use of sonography and is referred to in this 
paper as the presonography era. One-hundred forty-six neo- 
nates were seen (approximately five cases per year). Hydro- 
nephrosis was almost always discovered because the neo- 
nate had signs and/or symptoms such as an abdominal or 
pelvic mass (an enlarged kidney or bladder) or infection of the 
urinary tract. The only exceptions were those patients with 
myelomeningocele in whom hydronephrosis was discovered 
during screening urography, and a few infants in whom hy- 
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dronephrosis was found incidentally. The three most common 
conditions during that era were obstruction of the UPJ (22%), 
PUV (19%), and ectopic ureterocele (14%). Obstruction at the 
distal end of the ureter was much less common, being seen 
in only 8% of the neonates. During the same period, 53 
neonates were discovered to have MCDK (approximately two 
cases per year). Thus, one patient with MCDK was seen for 
every three with hydronephrosis (Table 2). 

Analysis of the data described in this report reveals that 
during the 6-year period, 1979-1985, 142 cases of neonatal 
hydronephrosis were detected, an average of 24 cases per 
year. This is a period during which the use of sophisticated 
diagnostic sonography had become widespread; the period 
is hereinafter referred to as the sonography era. One hundred 
ten of these (77%) were detected during obstetric sonogra- 
phy; many of these presumably would have been asympto- 
matic in the neonatal period. Of the 32 discovered after 
delivery, eight were found incidentally during evaluation for 
other problems. The rest were evaluated because of urinary 
signs and/or symptoms. For some of the neonates in whom 
hydronephrosis was detected after delivery, either sonogra- 
phy in utero may have been normal or the abnormality was 
not recognized on an in utero sonogram. The most common 
conditions were obstruction at the UPJ (41%), obstruction at 
the distal end of the ureter (23%), duplex-collecting-system 
abnormalities (including both ectopic ureterocele and upper- 


TABLE 2: Comparison of the Diagnosis of Hydronephrosis and 
Multicystic Dysplastic Kidney Before and After Sonography 
Came into Use 





After Advent of 
Sonography 
(1979-1985) 


Before Sonography 
(1947-1977) 








Hydronephrosis: 
Number of affected 
infants 146 142 
Average number of 
cases per year 5 24 


Ureteropelvic junc- 
tion obstruc- 
tion (41%) 

Distal ureteral ob- 


Ureteropelvic junc- 
tion obstruc- 
tion (22%) 

Posterior urethral 


Most common 
Causes 


valves (19%) struction 
(23%) 
Ectopic uretero- Duplex anomalies 
cele (14%) with upper- 
pole hydrone- 
phrosis (13%) 


Posterior urethral 
valves (10%) 
Distal ureteral ob- 
struction (8%) 
Multicystic dysplastic 


kidney: 
Number of affected 

infants 53 17 
Average number of 

cases per year 2 3 


Ratio of cases of 
multicystic dys- 
plastic kidney to 
hydronephrosis 1:3 1:8 


eet ee SS ee re ee SS eee 


AJR:148, May 1987 


pole hydronephrosis without ureterocele) (13%), and PUV 
(10%). During the same 6-year period, 17 neonates were 
found to have MCDK (about three cases per year); for every 
patient with MCDK, eight were found to have hydronephrosis 
(Table 2). 

Since there is no reason to suspect that the incidence of 
congenital hydronephrosis is increasing, we believe that this 
dramatic rise in the average number of cases seen (five per 
year vs 24 per year) is due to detection by fetal screening 
during obstetric sonography. Thirty-two cases were discov- 
ered postnatally during the recent 6-year period—an average 
of five cases per year, the same as in the presonography era. 

In addition to the marked increase in the number of cases 
detected in the sonography era, the pattern of causes has 
changed as well. We believe that this is because the cases 
discovered in the presonography era were almost all symp- 
tomatic, and thus the previous pattern of causes represented 
the incidence of symptomatic lesions while the current pattern 
more accurately reflects the true incidence of congenital 
abnormalities of the urinary tract. This helps to explain some 
inconsistencies in the previous pattern of causes. For exam- 
ple, it seemed illogical that PUV and ectopic ureterocele, 
lesions that affect boys and duplex systems respectively, 
should be more common than a condition such as obstruction 
at the distal end of the ureter for which the entire population 
is at risk (boys and girls, single and duplex systems). We 
believe that the reason that distal ureteral obstruction is now 
being seen much more often in neonates is because it is 
rarely symptomatic in the young (the kidney is usually not 
palpable), and it is now being detected primarily by fetal 
sonographic screening. Also, no hydronephrosis in the neo- 
natal period due to an ectopic ureter without a ureterocele 
was seen during the years covered by the prior report [6], 
again, because it is rare for this condition to be symptomatic 
in the young. On the other hand, boys with PUV often have 
early clinical manifestations and neonates (usually girls) with 
ectopic ureterocele commonly present early with urinary tract 
infection. 

Similarly, MCDK, which probably represents a subset of 
UPJ obstruction [7], would not be expected to be seen with 
the same frequency as hydronephrosis, as was the case in 
the presonography era. For example, in the presonography 
era, when a neonate presented with an abdominal mass, the 
two most common conditions were hydronephrosis (all 
causes) and MCDK, and they were seen in almost equal 
numbers [8]. The current data show that MCDK is, in fact, 
not nearly as common as hydronephrosis. The number of 
neonates with MCDK has risen slightly (two cases per year 
in the prior report vs three cases per year in the current 
study), presumably because of fetal detection, but over the 
same period the number of cases of hydronephrosis has 
increased so markedly that hydronephrosis is now seen to be 
much more common than MCDK. 

The distribution of causes of hydronephrosis in the 32 
cases not discovered by prenatal sonography during the 6- 
year study period does not exactly match the distribution 
from the presonography era, presumably because many of 
the cases detected in utero would have become symptomatic 
early and therefore would have been detected during evalu- 
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ation after delivery. In the current series the only conditions 
in which postnatal detection is still more common than pre- 
natal detection are PUV and prune-belly syndrome. This is 
because in these situations there is often significant bilateral 
hydronephrosis, and renal compromise and/or abnormal 
physical findings. Thus, if fetal detection has not occurred, 
neonatal discovery is likely. 

The implications of these changes are many. First, not only 
are many more cases of neonatal hydronephrosis being de- 
tected early (and this may increase further if obstetric sonog- 
raphy becomes even more widely used), but also virtually all 
these cases are and should be referred to pediatric radiolo- 
gists and pediatric urologists for diagnosis and treatment. 
The uroradiologic, anesthetic, surgical, and postoperative 
care of the neonate is specialized and should be done by 
those specifically trained in these areas. A corollary is that, 
assuming that the actual number of cases of hydronephrosis 
is not increasing, fewer cases will appear in older children in 
the future because more and more lesions will be detected 
and corrected in infancy. 

Second, prenatal detection provides an opportunity to re- 
lieve obstruction and prevent infection before symptoms and 
further renal damage occur. There is also the risk, however, 
that just because hydronephrosis has been detected, surgery 
may be performed. The standard criteria for the need for 
surgery must continue to be critically applied. In this series, 
14 (10%) of the neonates were discovered to have mild 
hydronephrosis and are being followed. Only one of these 
has subsequently shown signs of renal deterioration and has 
required surgery. 

Finally, review of these cases and their almost universally 
satisfactory outcome after postnatal diagnosis and treatment 
(usually elective) reinforce the opinion [9] that maternal/fetal 
intervention is rarely if ever indicated when hydronephrosis is 
detected in the fetus. 
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Memorial 





J. Robert Andrews, 1906-1986 


J. Robert Andrews died suddenly on Sep- 
tember 18, 1986, at age 80 while sailboarding 
on his beloved Chesapeake Bay. He will be 
remembered as a great intellectual force in 
radiotherapy, as an accomplished artist, and 
as a good friend to the many people whose 
lives he touched. 

Dr. Andrews was born on June 10, 1906, 
in Kent, OH. He graduated in 1929 from 
Brown University with a Bachelor's degree in 
philosophy. He returned to Ohio where he 
received his medical training at Western Re- 
serve University and received the M.D. de- 
gree in 1932. After internship training at 
Cleveland City Hospital, he trained in radiol- 
ogy at the University of Pennsylvania and 
then at Memorial Hospital in New York. After 
his residency he joined the staff of Western 
Reserve as an assistant radiologist. With 
growing interest in academic radiology, Dr. 
Andrews was appointed professor and direc- 
tor of radiology at Bowman Gray School of 
Medicine in 1950. In 1955 Dr. Andrews left 
North Carolina to join the staff at the National 
Cancer Institute (NCI) in Bethesda, MD, as 
the Chief of the Radiation Branch. In 1964 
Dr. Andrews left the NCI to become Profes- 
sor of Radiology and Director of Radiation 
Therapy at Georgetown University School of 
Medicine, and at the same time, Chief of the 
Radiotherapy Section, Radiology Service of 
the Washington Veterans Administration 
Hospital. He held these posts until his retire- 
ment in 1972 from Georgetown University 
and in 1976 from the Veterans Administration 


Hospital. During his retirement Dr. Andrews 
remained active in radiotherapy; he was 
Emeritus Professor of Radiation Medicine at 
Georgetown University and he held profes- 
sorial lecturer appointments at George 
Washington University and Howard Univer- 
sity. 

Since his early days in radiology, his pri- 
mary research interests were in therapeutic 
uses of radiations; he published his first pa- 
pers in 1935 concerning uses of radium. 
However, he also had interests in diagnostic 
radiology as demonstrated by his research in 
tomography, which ultimately led to a Doctor 
of Science degree (medicine) at the University 
of Pennsylvania in 1946. Beginning in the 
early 1950's, Dr. Andrews was publishing 
papers on the time-dose relationship in tumor 
radiotherapy, a major area of professional 
interest. 

During his years at the NCI, he was most 
productive and was responsible for stimulat- 
ing a steady stream of young physician-sci- 
entists who came through NIH. Of the many 
people who trained with Dr. Andrews, there 
were such future giants of radiotherapy as 
Roger Berry, Phillip Rubin, and Herman Suit. 
His research interests while at the NCI in- 
cluded major studies of the Baclesse method 
of high-dose, prolonged-time radiotherapy. 
He also supported experimental radiobiology 
through the development of in vivo animal 
tumor-assay systems. Under his direction, his 
laboratory was pioneering in studying the 
effects of high linear-energy-transfer radia- 


tion, such as neutrons and accelerated 
charged particles, and of the interactions of 
radiations and cytotoxic drugs. During his 
retirement he maintained a keen interest in 
research, especially with regard to the theo- 
retical aspects of the optimization of cancer 
treatment. During his professional career Dr. 
Andrews published 80 scientific papers and 
two books on the radiobiology of human 
cancer radiotherapy. Many of his writings 
stand as classic works in radiotherapy. 

Dr. Andrews is survived by three children. 
He was a first-class artist who excelled in a 
variety of techniques and achieved both crit- 
ical acclaim and a limited commercial success 
in oils, water colors, pen and ink drawings, 
and photographs. Just before his death, he 
had a successful exhibition of photographic 
work at Georgetown University. He was al- 
ways a Sailor, delighting in being on the water 
and was most at home exploring the byways 
of the Eastern Shore of Chesapeake Bay. He 
will be missed by many. To me, he was a 
good friend, and | enjoyed immensely the 
many hours we spent talking about radio- 
biology, radiotherapy, theater, and travel. He 
was a true renaissance man, and those of us 
who were privileged to be his students, col- 
leagues, and friends will carry with us mar- 
velous memories of this remarkable man. 


Kenneth L. Mossman 
Georgetown University 
Washington, DC 20007 
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Sonographic Detection of 
Neonatal Umbilical-Artery 
Thrombosis: Clinical Correlation 





Eighty-one neonates were prospectively studied by sonography of the abdomen to 
determine the frequency, risk factors, clinical symptoms, complications, and natural 
history of aortic thrombosis seen in conjunction with the use of umbilical-artery catheters. 
Twenty-six percent of neonates developed sonographically detectable thrombosis. 
Twenty-nine percent of the neonates with thrombosis were asymptomatic, and an 
additional 24% had hematuria (diagnosed by dipstick) as their only clinical finding. 
Significant risk factors associated with aortic thrombosis were (1) calcium in the 
umbilical-artery-catheter infusate, (2) placement of the catheter for any length of time 
above the renal arteries, and (3) low birth weight. 

Physical examination did not reliably predict aortic thrombosis, and asymptomatic 
thrombosis was more frequent than previously recognized. 


Aortic thrombosis is a well-recognized complication of indwelling umbilical-artery 
catheters in neonates [1]. A simple, noninvasive method to examine the aorta in 
neonates for thrombosis by using real-time sonography has been recently described 
by Oppenheimer and others [2-4]. We undertook a study to (1) determine the 
frequency of umbilical-artery-catheter thrombosis, (2) examine risk factors for it, (3) 
define the associated mortality and morbidity, (4) correlate clinical symptoms, and 
(5) determine the natural history of umbilical-artery-catheter clot formation. 


Subjects and Methods 


We prospectively studied 81 consecutive neonates who had umbilical-artery catheters and 
who were available for sonography within 24 hr of admission to the neonatal intensive care 
unit at Arkansas Children’s Hospital. The study was approved by the hospitals human 
research advisory committee. The neonates had birth weights ranging from 680 to 4650 g 
and were referred when they were 1-8 days old. Most neonates referred after the first day 
of life had been treated in another intensive care nursery. Abdominal sonography was 
performed within 24 hr of admission and serially at 1-week intervals, or more often if clinically 
indicated. A scan was performed after the umbilical-artery catheter was removed; serial scans 
were performed until clot resolution or hospital discharge. Sonograms were performed 
through the anterior abdominal wall in the longitudinal and transverse planes. Coronal scans 
were also performed from both flanks. Examinations were performed with either a 7.5-MHz 
real-time transducer (Advance Technology Laboratories) or a 5-MHz Acuson computed real- 
time scanner. Thrombosis was defined by a persistent echo within the vessel observed in 
two planes, attached either to the vessel wall or to the catheter. Also, the clot caused 
narrowing or irregularity of the vessel wall or catheter. All scans were interpreted by pediatric 
radiologists. 

Routine management of umbilical-artery catheters included positioning at L3 and L4, as 
well as continuous infusion of a heparinized (0.5-1 «m/ml) solution. All catheters were made 
of polyvinyl chloride and were 3.5 or 5 French, depending on the size of the umbilical artery. 
The 3.5-French catheter was most often used in neonates who weighed less than 1500 g. 
Some neonates had high catheters placed above the diaphragm before transfer; these 
catheters were repositioned to below L3. Urine was checked for the presence of blood every 
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8 hr by Chemstrips 5L (Boehringer Manheim Diagnostics, Indianap- 
olis, IN). Microscopic urine examination was performed weekly. Blood 
pressure was measured every 2 hr by Dinamap (Critikon, Tampa, 
FL). The patient characteristics and clinical symptoms were recorded 
by neonatologists when the sonography was done. All neonates were 
evaluated for (1) absence of femoral pulses, (2) hematuria, and (3) 
signs of vascular compromise (such as extremity blanching or cy- 
anosis, hypertension, or necrotizing enterocolitis). 

Statistical analysis of risk factors and clinical symptoms associated 
with the presence of a clot was performed by using Fischer's exact 
test [5]. Birth weights and ages of patients at referral were analyzed 
by using an unpaired Student’s t test [5]. Usefulness of the clinical 
symptoms in predicting the presence of a clot was evaluated by 
sensitivity, specificity, and predictive value of a positive test [6]. 


Results 


Aortic thrombosis was detected in 21 (26%) of 81 infants. 
Patient characteristics are summarized in Table 1. Admitting 
diagnosis to the intensive care unit did not differ between 
infants with and without aortic thrombosis. 

Several risk factors were identified for aortic thrombosis. 
As shown in Table 2, infants with birth weights under 1500 g 
developed aortic thrombosis more frequently, although this 
difference did not reach statistical significance. Infants requir- 
ing a 3.5-French umbilical-artery catheter were significantly 
more likely to develop thrombosis than those with a 5-French 
catheter. Twenty-six of the 31 infants needing the smaller 
catheter weighed less than 1500 g. The 5.0-French catheters 
were only used for neonates weighing more than 1500 g. The 
addition of calcium salts to the umbilical-artery-catheter infus- 
ate significantly increased the risk of clot. Insufficient numbers 
of patients received drugs, hyperalimentation, or blood prod- 
ucts through the catheter to allow the risk of those factors to 
be determined. The risk of thrombosis did not increase in the 
40 neonates who had a catheter in place for more than 7 
days or in the 19 neonates with two or more catheters. 
Neonates with umbilical-artery-catheter tips above the renal 
arteries at any time were more likely to develop aortic throm- 
bosis. 

The clinical signs and symptoms of neonates with and 
without thrombosis are summarized in Table 3. Of the 21 
neonates with aortic thrombosis, six (29%) were asympto- 
matic. Hematuria was the sole symptom in 24% of patients 


TABLE 1: Patient Characteristics 





Patients with Patients with 


No Clot Clot 
Birth weight (g) 810-4650 680-3670 
(mean + SD) (2240 + 973) (1780 + 927) 
Age at referral (days) 1-7 1-8 
(mean + SD) (14 1-1) (2.6 + 2.4) 
Principal diagnosis: 
Respiratory distress 39 (65) 13 (62) 
Asphyxia/shock 16 (27) 6 (29) 
Congenital anomaly 5 (8) 2 (10) 





Note.—60 patients had no clot; 21 patients had clot. Under “Principal 
diagnosis,” numbers in parentheses are percentages. 
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TABLE 2: Significance of Risk Factors 
SS SS Á a ar ss ee 


Number with Number with 
Risk Factor No Clot Clot p° 
(n = 60) (n = 21) 

Ca** in catheter fluid 18 12 .007 
Catheter above renal ar- 

teries 15 20 .036 
3.5-French catheter 19 12 043 
Birth weight <1500 g 18 10 .073 
Catheter present >7 

days 27 13 .084 
Multiple catheters 12 r .107 


SS SS SS Se + eS eee eee 
a Significant when p < .05. 


with thrombosis and occurred more frequently in neonates 
with clot (p = .002). Decreased femoral pulses had a similar 
prevalence in the two groups (p = .056), but neonates with 
clot were more likely to develop vascular compromise (p = 
.006). Clinical evaluation had a high specificity but a low 
sensitivity in predicting a clot. 

No direct relationship was found between size and extent 
of clot on sonography and resultant morbidity. Twenty-two 
(37%) of the 60 infants with no clot identified had complica- 
tions including decreased femoral pulses (Seven), hematuria 
(15), extremity discoloration (four), hypertension (one), and 
necrotizing enterocolitis (one) at the time of the sonography. 
Extensive thrombi, either (1) occupying more than 40% of the 
aortic cross-sectional area, (2) propagating to the level of the 
renal arteries or into the iliac artery, or (3) causing proximal 
aortic dilation, were detected in 17 (81%) of 21 neonates. Six 
(29%) patients with large thrombi were either asymptomatic 
or had only hematuria (Figs. 1 and 2). Ten other infants with 
large thrombi had symptoms of thrombosis such as hematuria 
(10), decreased femoral pulses (six), extremity discoloration 
(four), hypertension (five), renal failure (two), cardiovascular 
collapse (two) (Fig. 3), and necrotizing enterocolitis (one). 

Mortality rate was not significantly different in neonates 
with (23%) or without (20%) aortic thrombosis. Autopsy was 
unavailable in the five neonates with thrombosis who died. 
Two of the 12 neonates with no detectable clot who died had 
no evidence of aortic thrombosis at autopsy. 

We were able to observe the natural history of aortic 
thrombosis in several of our patients. In the study population, 
catheters were in place from 12 hr to 35 days (average, 7 
days). In six neonates whose catheter was left in place after 
the clot was detected, increase in clot size or increasing 
symptoms did not occur. Four patients had partial or complete 
resolution of the clot with the umbilical catheter in place. In 
neonates whose catheters were removed, the time to clot 
resolution was highly variable, ranging from 3 days to more 
than 54 days. 


Discussion 


The frequency and complications of aortic thrombosis as- 
sociated with the use of umbilical-artery catheters have con- 
cerned radiologists and pediatricians since the early 1970s, 
when this method of monitoring neonates was introduced. 
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TABLE 3: Clinical Signs and Symptoms 


UMBILICAL-ARTERY THROMBOSIS 967 











Predictive 
Number with Number with ety i 
Symptom No Clot Clot aa ay Bow a 
ve) (%) Test (%) 
Absent femoral pulses 7 (12) 6 (29) 28 88 46 °° 
Hematuria 15 (25) 13 (62) 62 TS 46 
Cardiovascular compromise? 6 (10) 8 (38) 38 90 57 





Note.—60 patients had no clot; 21 patients did have clot. 


* Extremity discoloration, hypertension, renal failure, necrotizing enterocolitis. 





Fig. 1.—Case 1: 8-day-old, 1000-g premature 
neonate. Coronal scan through left flank. Cath- 
eter in right iliac artery with tip above bifurcation 
and clot (arrow) extending to level of renal ar- 
teries. Catheter was not removed, and repeat 
scan 5 days later showed apparent resolution of 
clot. Weekly follow-up scan after catheter re- 
moval showed new clot adherent to wall of aorta 
occluding 40% of lumen above bifurcation. This 
clot resolved within 2 weeks. 


The reported frequency of thrombosis has varied with the 
method of detection. We found a 26% prevalence of umbilical- 
artery-catheter thrombosis by abdominal sonography, a figure 
that is slightly higher than the 17% reported by Oppenheimer 
et al. [4]. 

Autopsy studies have shown a prevalence of thrombosis 
ranging from 3% to 59% [7-9]. Postmortem examinations 
have shown many instances of thrombosis that were clinically 
silent. Investigations that used aortography have noted a 
higher rate of aortic thrombosis, varying from 26% to 95% 
[1, 10, 11]. Neal et al. [10] reported a 95% rate of arterial 
thrombus formation on an arteriogram done at the time of 
removal of the umbilical-artery catheter. However, only 58% 
of the group who died were found by autopsy to have clots. 

Most studies [7-11] have shown a large number of asymp- 
tomatic neonates with clot formation. Many reports of aortic 
thrombosis detected at autopsy [7-9] or by aortography [10, 
11] have found little correlation between clinical findings and 
the detection of a clot. Many neonates with clots (29%) in our 
study were clinically asymptomatic, and 24% had hematuria 





Fig. 2.—Case 2: 35-day-old, 810-g premature 
neonate. Coronal scan through right flank. Proxi- 
mal to catheter tip, clot (arrow) extends to level of 
upper pole of both kidneys. Also noted incidentally 
are right hydronephrosis and left renal dysplasia. 
Follow-up sonogram showed nearly complete res- 
olution of clot by 2 months. 





Fig. 3.—Case 3: 10-day-old, 3670-g neonate. 
Longitudinal scan through midline. Scan shows 
large clot (arrow) almost occluding aorta and 
extending from superior mesenteric artery to 
bifurcation. This neonate had two previous nor- 
mal scans. On the morning of this scan, patient 
suddenly developed congestive heart failure and 
cardiogenic shock. Follow-up examination 
showed almost complete ciot resolution by 3 
weeks, although the patient remains hyperten- 
sive at 10 months. 


as their only symptom. Abnormal femoral pulses, hematuria, 
and signs of vascular compromise were not highly sensitive 
in predicting a clot, but absence of these clinical symptoms 
was more specific in predicting the absence of a clot. The 
abnormal femoral pulse and extremity discoloration in neo- 
nates without detectable aortic thrombosis were presumed 
to result from spasm of the femoral artery or a clot in the 
femoral artery. Only the descending aorta was visualized in 
this study. 

Hematuria was the most common finding both in the pa- 
tients without clot (25%) and in those with clots (62%). The 
urine dipstick was the primary method of testing patients for 
hematuria. While false-positive results for blood can occur 
with use of dipsticks, false-negative results cannot. If any 
blood is present in the urine, the dipstick should detect it. 
Urine-sediment microscopic examination was performed 
weekly and did correlate with the positive dipstick. A positive 
urine dipstick is not necessarily caused by hematuria, because 
the agent also detects myoglobin or ascosporic acid and 
other oxidants. 
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We found that the presence of calcium in the umbilical- 
artery-catheter infusate (jp < .007), the presence of the cath- 
eter above the renal arteries (p < .036), and the use of a 
small (3.5-French) catheter (p < .043) were significant risk 
factors for aortic thrombosis. Because 84% of the 3.5-French 
catheters were placed in neonates who weighed less than 
1500 g, this positive risk factor predicted increased preva- 
lence of thrombosis in low-birth-weight neonates. Patient 
numbers were insufficient to evaluate whether small catheter 
size alone was a risk factor. High catheters (above the renal 
arteries) were routinely pulled back to L3 and L4 after patient 
transfer. Because the age at referral in the clot group aver- 
aged 2.6 + 2.4 days, the higher catheter could have been 
present from a few hours to 8 days. The primary neonatal 
diseases were not a significant factor for clot formation. 
Mortality rate did not differ in neonates with and without 
umbilical-artery-catheter thrombosis. 

None of our infants with clot formation received medical 
treatment with urokinase or streptokinase, or surgical treat- 
ment with embolectomy, as has been advocated by other 
authors [12]. Spontaneous regression of thrombosis was 
observed. Follow-up examination of the 16 survivors is cur- 
rently in progress to detect long-term complications, such as 
renal dysfunction, hypertension, limb anomalies, or growth 
disturbances. 
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Radiation Exposure 
Reduction by Use of Kevlar 
Cassettes in the Neonatal 
Nursery 





A study was performed to determine whether the use of Keviar cassettes in the 
neonatal intensive care nursery would reduce radiation exposure to patients. The 
radiation dose to the neonates was measured by using thermoluminescent dosimeters. 
In addition, the attenuation of the Keviar cassettes and the sensitivity of the film-screen 
combination were compared with the previously used system. The greatest radiation 
reduction using a mobile X-ray unit was 27%; based on sensitivity measurements, the 
theoretical reduction averaged 38%. The reduction in radiation exposure resulted from 
reduced attenuation by the Kevlar cassette. 


Most premature neonates, especially those with birth weights less than 1500 g, 
have severe respiratory problems and, therefore, undergo many radiographic 
examinations, usually performed with mobile radiographic equipment in the neonatal 
nursery. Radiographic examinations are more frequent during periods of rapid 
clinical change. With the increasing survival of small neonates, there is an increasing 
population that have received significant radiation doses early in life. Because the 
clinical situation dictates the number of examinations, methods must be found to 
reduce the level of exposure per examination. 

Recently, a new X-ray film cassette has become available; the front face is made 
of Kevlar, a fabric manufactured by Du Pont (Wilmington, DE). Because this 
cassette was designed for use in the 50-70 kVp range, ideal for neonatal chest 
examinations, we evaluated the radiation exposure to infants when this cassette 
is used. We also used a different film-screen combination than normally used in 
our department, and compared it with our previous film-screen-cassette system 
and techniques. The purpose of the test was to determine the effect of the Kevlar 
cassette on the radiation exposure of the neonates. 


Methods 


All radiographs were taken in our neonatal intensive care unit with the infants in their 
isolettes. The neonates were divided into three groups based on weight: group 1, 500-1200 
g; group 2, 1200-2000 g; group 3, >2000 g (see Table 1). The two X-ray film-screen 
combinations compared in this study were (1) old system; Radelin T2 cassette (Wolf X-ray, 
West Hempstead, NY), par speed screen (CaWO,), Cronex 4 film; and (2): new system: 
Cronex Kevlar cassette, Cronex Quanta Detail screen (YTaO,), Cronex Quanta 7 film. The 
old combination has been used for many years in this department for neonatal intensive care 
radiography. All films were obtained by using the same battery-powered mobile X-ray unit 
(AMX-III, General Electric, Milwaukee, WI) at a source-image distance of 28 in. (71.1 cm), and 
all were developed in one of two 90-sec processors. Each processor is checked daily by 
sensitometry as part of our quality-assurance program. Results show that the processors 
are almost identical. The radiographic techniques selected for each weight group for the two 
film-screen combinations (see Table 1) were those that gave the appropriate visual density 
for the lung fields and penetration of the mediastinum desired by the pediatric radiologist. 
The radiation exposure of the neonates was measured by using a packet of three thermolu- 


970 HERMAN ET AL. 


TABLE 1: Radiation Reduction and Radiographic Techniques 
Used 
SS a re tp es 





Radiation Exposure 
pean noe FSC? of i Exposure Reduction 
Films (mR) (%) 
1 New 16 54 8.9 + 0.22 19.4 
(500-1200) Old 14 64 11.0+0.03 
2 New 27 58 10.6+0.15 27.4 
(1200-2000) Old 11 68 146+0.41 
3 New 14 60 12.4 + 0.33 20.5 
(>2000) Old 10 72 1562061 


aR na wr ce 
Note.—Data include full backscatter. Amperage = 1 mAs for all groups. 


“FSC = film-screen cassette. Old FSC system included Radelin T2 cassette, 
par speed screen (CaWOQ,), and Cronex 4 film. New FSC system included 
Cronex Kevlar cassette, Cronex Quanta Detail screen (YTaO,), and Cronex 
Quanta 7 film. 1 mR = 2.58 x 107 C/kg. 


minescent dosimeter (TLD, lithium-100) chips placed on the neonate’s 
chest by the technologist at the time of the examination. The tech- 
nologist recorded the radiographic technique used. Each packet was 
used for more than one patient in the same weight-cassette group. 
Because of the large number of radiographs taken for these neonates, 
some patients were radiographed at different times with both sys- 
tems. The TLD chips were calibrated as described by Morgan et al. 
[1]. The variation of the response of the chips was less than 2% 
between 50 and 70 kVp. 

To compare the attenuation of the two cassettes, the X-ray trans- 
mission of the front face of each cassette (without the screen) was 
measured for X-ray energies between 50 and 100 kVp with an MDH 
model 1015 X-ray monitor (MDH Industries, Monrovia, CA). A single 
cassette of each type was selected at random from those available. 
This measurement was performed with and without a 3.8-cm block 
of lucite in the beam. The X-ray beam had a half-value layer of 3 mm 
of aluminum at 100 kVp. 

The speed of a film-screen combination is defined as the reciprocal 
of the exposure in roentgens required to produce a density of 1.0 
above base plus fog [2]. Since the exposure per unit mAs is a 
constant for a given kilovoltage, the speed can also be defined in 
terms of the amperage required to produce a unit density. The two 
systems were exposed to X-rays between 50 and 70 kVp with a 3.8- 
cm acrylic phantom placed on the cassette, after the amperage 
necessary to obtain a film density of 1 was determined. 


Results 


Although X-ray exposure was reduced by the new system 
for all three weight groups, the greatest reduction was meas- 
ured for group 2, 1200-2000 g (see Table 1). Measurement 
of X-ray transmission showed that, on average, the transmis- 
sion through the Kevlar cassette is approximately 1.5 times 
greater than through the Radelin T2 cassette for the unhard- 
ened beam and 1.35 times greater for the hardened beam 
(see Table 2). The error associated with this measurement is 
estimated to be within 5%. From the determined speed of the 
two systems, the theoretical reduction of X-ray exposures 
obtainable were calculated (see Table 3). The phantom stud- 
ies show that if the kilovoltage remains constant and the 
amperage is reduced to obtain the desired film density, the 
patient exposure can be reduced by an average of 38% over 
the kilovoltage range for which the Kevlar cassette was 
designed. 
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TABLE 2: Cassette-Front X-Ray Transmission (%) 


SS ce se 





kVp Kevlar Radelin T2 
Without attenuation 

50 87 50 
60 88 56 
70 89 58 
80 89 62 
90 90 65 

100 91 66 

With 3.8-mm lucite attenuation 

50 88 58 
60 90 63 
70 90 65 
80 91 69 
90 92 70 

100 92 75 


TABLE 3: Theoretical Radiation Reduction Based on Film Speed 
SSS SSS SS Sr rr ee ee 





Radiation 

kVp Reduction 
o (%) 
50 30.8 
56 39.7 
60 44.5 
66 36.1 
70 36.9 


a O T a E 


Discussion 


One of the problems in taking radiographs in the neonatal 
intensive care units is the large amount of equipment that 
surrounds the isolettes. Most of the isolettes have heaters 
above the infant compartments, and in some models the 
heater cannot be moved. In our institution we have many 
different models and different brands. To avoid varying the X- 
ray techniques for each type of isolette, we measured the 
shortest source-image distance necessary—28 in.—to allow 
filming under the worst-case situation and adopted this meas- 
urement for all filming in the unit. Although the shortened 
source-image distance increases the radiation exposure of 
the neonates, standardizing this measurement reduced the 
probability of errors (and, thus, repeated examinations) in 
adjusting distances for all the models of isolettes in use. 

In addition, the shortened source-image distance requires 
a low amperage, which presents a problem with our mobile 
X-ray unit. The available amperage stations are not low 
enough for the use of fast screens and films, such as Cronex 
High Plus screens and Cronex 4 film (the types generally used 
in our department), when used in a standard cassette. For 
this reason we had adopted the Radelin T2 cassette and par 
speed screens with Cronex 4 film for radiography in the 
neonatal nursery. In choosing the film-screen combination for 
use with the Kevlar cassettes, we needed to find a slower 
system because the par speed-Cronex 4 system was too 
fast. We chose the Cronex Quanta Detail-Cronex Quanta 7 
combination for use with the Kevlar cassette because it 
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allowed us to obtain radiographs under the conditions in the 
neonatal intensive care unit at 1 mAs for the kilovoltage range 
desired. Du Pont rates the par screen—Cronex 4 combination 
at a speed of 100, while the Cronex Quanta Detail-Cronex 
Quanta 7 film is rated at a speed of 64 (Cronex Quanta Detail 
Rare Earth Intensifying screen data sheet, Du Pont, Wilming- 
ton, DE). We found that the use of the Kevlar cassette- 
Quanta Detail screen—Quanta 7 film combination reduces the 
radiation exposure of neonates when compared with our older 
system. The next step was to determine the source of the 
exposure reduction. 

Figure 1 shows characteristic curves of the film obtained 
from the manufacturer for the two film-screen systems at 70 
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Fig. 1.—Characteristic curves of film-screen combinations. Curve l: 
Cronex Quanta Detail screen, Cronex 7 film. Curve 2: par speed screen, 
Cronex 4 film. 


Fig. 2.—Radiographs of same pa- 
tient obtained with the two systems. 

A, Kevlar cassette system. Tech- 
nique: 58 kVp, 1 mAs, 28-in. (71.1-cm) 
source-film distance. 

B, Radelin cassette system. Tech- 
nique: 68 kVp, 1 mAs, 28-in. source- 
film distance. 
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kVp. It also shows that the Cronex Detail screen—Cronex 7 
film is the slower system. Our measurements show that for 
the kilovoltages tested the Keviar system is the faster of the 
two, even though the film-screen combination is slower than 
the par speed-Cronex 4 system. The nonlinearity of the 
measured results seen between 56 and 66 kVp is due to k- 
edge absorption by yttrium, a component of the Quanta Detail 
screen. The k edge occurs at 17.03 keV [3]. At the k edge 
there is greater absorption of the X-rays in the screen with 
increased light output. The difference in the speed of the two 
film-screen systems would change with varying kVp because 
of the k-edge effect. However, the H & D curve shows that 
the gamma of the two systems is approximately the same. 
The response of the two systems to increased exposure is 
the same. 

Our measurements of radiation exposure for the older 
system are similar to those reported by Wesenberg et al. [4] 
for chest filming of neonates with mobile equipment: a 24-in. 
(61-cm) source-image distance, par speed screens with RP 
film (Eastman Kodak, Rochester, NY). Type of cassette was 
not reported. One must then conclude that the reduction in 
X-ray exposure resulted primarily from reduction in the atten- 
uation by the Kevlar cassette. The effect of the reduced 
attenuation becomes more apparent when one considers that 
the Cronex Detail screen-—Cronex 7 film combination has a 
1/3 lower speed than the par speed—Cronex 4 combination. 
With the mobile X-ray equipment used in this study, the full- 
exposure reduction capability can not be realized because of 
the limitations of available low-amperage stations. It is for this 
reason that the kilovoltage values for the two systems were 
different while the amperage was held constant. 

The pediatric radiologist reported that the films taken with 
the newer system were sharper. However, the information 
content of radiographs taken with both systems appears the 
same. Figure 2 shows radiographs of the same patient with 
both systems, revealing that the quality of the images is 
virtually the same. 

Wesenberg et al. [5] reported using a Keviar cassette 
system for routine pediatric radiology and found a dose 
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reduction between 30% and 37%. This reduction is similar to 
our findings based on the speed studies. Our study clearly 
shows that the use of the new Cronex Kevlar cassette can 
significantly reduce the radiation dose to premature neonates. 
The theoretical exposure reduction we found and that re- 
ported by Wesenberg et al. [5] were not obtained because of 
the limitations imposed by the mobile radiographic equipment 
and the conditions under which the radiographs had to be 
obtained. The further reduction in radiation exposure possible 
if lower amperage values are available may justify installation 
of a standard three-phase X-ray generator with an overhead 
rail-mounted tube in the neonatal intensive care unit. 
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Imaging of Spinal CSF — 
Pulsation by 2DFT MR: 


Significance During Clinical Imaging 





Understanding the MR appearance of spinal CSF is important in interpreting clinical 
spine images because the diagnosis of spinal pathology requires an accurate delineation 
of spinal CSF from spinal cord and theca! sac. During conventional 2DFT MR imaging of 
the spine, CSF pulsation caused two interdependent flow phenomena, signal loss and 
phase-shift images. Signal loss was observed as decreased signal intensity arising from 
pulsatile spinal CSF. Phase-shift images were observed as signal intensity arising from 
and morphologically identical to the spinal subarachnoid space but symmetrically 
displaced from it along the phase-encoding axis of MR images, either added to or 
subtracted from stationary signal intensity. These phenomena were common, occurring 
in most cervical and thoracic long-TR images. Both phenomena were less apparent in 
the lumbar region in most cases. CSF pulsation flow phenomena‘decreased CSF-spinal 
cord and CSF-thecal sac conspicuity, thereby obscuring normal and pathologic anatomy 
and, at times, simulating pathology. The areas of signal loss showed variable but 
characteristic patterns in the cervical and thoracic spine corresponding to regions of 
greatest flow. Signal loss in the axial plane was more pronounced when thin slices were 
used. Phase-shift images degraded overall image quality secondary to spatial mismap- 
ping of spinal CSF signal intensity. With the use of CSF gating, both signal loss and 
phase-shift images were eliminated. Understanding these features will be important in 
the accurate interpretation of MR spine images because analysis of CSF pulsation flow 
phenomena provides physiologic and pathologic information, and awareness of their 
existence avoids diagnostic confusion: 


The appearance of spinal CSF in MR imaging has received little attention in the 
literature. With relatively thick slices (7-10 mm), reported signal intensity depended 
on the T1- or T2-weighting of the pulse sequence [1-10]. No reports on spinal 
CSF pulsation flow phenomena in MR are available in the literature, even though it 
is widely recognized that CSF pulsatile flow exists [11-19], and MR is extremely 
sensitive to flow [20-34]. 

Understanding the MR appearance of spinal CSF is crucial in interpreting clinical 
spine images because the diagnosis of spinal pathology requires an accurate 
delineation of spinal CSF from spinal cord and thecal sac. The ability to differentiate 
spinal CSF from adjacent structures explains the great utility of metrizamide CT in 
the evaluation of spinal diseases, although this procedure is not without risks [35, 
36]. Complex CSF pulsation flow phenomena that occur during clinical MR spine 
imaging may alter spinal CSF signal intensity, either obscuring normal or pathologic 
anatomy, or occasionally simulating pathology (Fig. 1). 

In part 1 of this article, we describe the appearance and frequency of spinal CSF 
pulsation phenomena on MR of normal and pathologic spines. In part 2 [37], a new 
spine phantom is used for quantitative analysis of these phenomena. This combi- 
nation of studies permits an in-depth understanding of the complex signal patterns 
observed clinically during MR. 
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Subjects and Methods 


A GE Signa superconducting MR imaging system operating at 1.5 
T was used in conjunction with a 30- by 18-cm rectangular or 20-cm 
circular surface coil for all spine studies. 2DFT spin-echo multislice 
imaging was used with short and long repetition times (TRs). Short- 
TR sequences (400-600 msec) used an echo time (TE) of 25 msec 
with two or four excitations. Long-TR (2000-3000 msec) sequences 
used either symmetric echoes (TE 40 and 80 msec) or asymmetric 
echoes (TE 25 and 80 msec) with two excitations. Image matrix size 
was 256 in both the frequency and phase-encoding directions. Slice 
thickness was 3 or 5 mm during routine imaging and 10 or 20 mm 
during selected studies. Slice spacing was 20% of slice thickness. 
Field of view ranged from 16 to 32 cm depending on imaging plane. 

We evaluated 154 patients aged 4-81 years who were referred 
for suspected disease of the cervical, thoracic, or lumbar spine. In 
each case, a sagittal short-TR sequence was obtained; subsequent 
pulse sequences depended on patient history and demonstration of 
pathology, but generally included axial short-TR and axial and/or 
Sagittal long-TR sequences. In four normal patients, axial long-TR 
sequences were obtained with slice thicknesses of 3, 5, 10, and 20 
mm. In three normal volunteers gated axial and sagittal images of the 
cervical or thoracic spine were compared with nongated pulse se- 
quences. Gating was performed with an infrared detector fixed to the 
fingertip that recorded systolic capillary blushing (Medasonics Model 
PPG-13, Mountain View, CA). Gated data acquisition was triggered 
after a delay of about 500 msec from the detection of the physiologic 
pulse. 

Patients were segregated into three groups (normal thecal sac, 
mild to moderately narrowed thecal sac, and severely narrowed thecal 
Sac) on the basis of MR images, clinical history, correlative studies 
(including CT and myelography), and surgical results if available. 
Criteria for inclusion in the normal group were a normal-appearing 
thecal sac and spinal cord. Patients were allocated to the mild to 
moderately narrowed thecal sac group when degenerative disease 
or neoplasm narrowed but did not obliterate the subarachnoid space. 
Allocation to the severely narrowed thecal sac group required signif- 
icant narrowing of the subarachnoid space. The appearance of the 
spinal CSF signal intensity was not used as a criterion for classifica- 
tion. Patients in the mild-moderately and severely narrowed thecal 
sac groups had any of several diagnoses: herniated nucleus pulposus, 
spinal stenosis, astrocytoma, syrinx, meningioma, and tuberculous 
osteomyelitis. Each group was analyzed separately for CSF signal 
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Fig. 1.—Normal cervical spine. Confusing im- 
ages created by CSF pulsatile flow. 

A, Axial long-TR pulse sequence with complex 
spinal CSF signal intensity. TR 2500 msec, TE 
80 msec, slice thickness 3 mm. High-, medium-, 
and low-intensity spinal CSF surrounded spinal 
cord and obscured its margins. This image 
shows difficulty frequently encountered in inter- 
pretation of thin-section long-TR spinal images. 

B, Axial short-TR pulse sequence at same 
level. TR 400 msec, TE 25 msec, slice thickness 
10 mm. Low signal intensity of spinal CSF delin- 
eated spinal cord margins. 


intensity and homogeneity within the subarachnoid space, and for 
the presence of phase-shift images anterior and posterior to the 
spinal canal. 


Results 


Two CSF pulsation flow phenomena were observed on 
clinical images: signal loss and phase-shift images (Figs. 2 
and 3). Signal loss was observed as decreased signal intensity 
arising from pulsatile spinal CSF. Phase-shift images were 
observed as signal intensity arising from and morphologically 
identical to the spinal subarachnoid space but symmetrically 
displaced from it along the phase-encoding axis of MR im- 
ages, either added to or subtracted from stationary signal 
intensity. The manifestations of these pulsation flow phenom- 
ena on a given image depended on numerous factors includ- 
ing spinal segment, imaging plane, TR, TE, slice thickness, 
echo number, and spinal pathology (Table 1). In general, these 
phenomena were most common in the cervical and thoracic 
spinal segments when long-TR pulse sequences were used. 
They were observed less often in the lumbar spine (Fig. 4). 
Signal loss and phase-shift images were observed on short- 
TR sequences in only eight of 107 normal spines, although 
their conspicuity depended in part on the image window and 
level settings selected for photography. 

Signal loss was observed in the axial plane of normal 
cervical and thoracic spines on long-TR pulse sequences in 
all patients (Table 1). In no patient was signal loss observed 
on axial long-TR images in the lumbar region. The pattern of 
CSF signal loss in relation to the spinal cord depended on the 
position of the spinal cord in relation to the subarachnoid 
space (Figs. 2C, 2D, and 5), and this in turn depended on the 
spinal level imaged. In the cervical spine, signal loss appeared 
as regions of decreased spinal CSF signal intensity either 
anterior and anterolateral to the spinal cord (Figs. 2C, 2G, 
and 2H) or circumferentially around the spinal cord (Fig. 2E). 
In the thoracic spine, signal loss appeared as regions of 
decreased signal intensity either posterior and posterolateral 
to the spinal cord or circumferentially around the spinal cord. 
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TABLE 1: Spinal Subarachnoid Space: Observed CSF Signal Loss and Phase-Shift Images 














Axial Images Sagittal Images 
Group: Spinal Segment 
First Echo Second Echo First Echo Second Echo 
Normal (n = 107): 
Cervical (n = 41): 
% Signal loss 100 100 90 85 
% Phase-shift images 34 34 100 100 
Thoracic (n = 27): 
% Signal loss 100 100 100 89 
% Phase-shift images 19 19 100 100 
Lumbar (n = 39): 
% Signal loss 0 0 0 0 
% Phase-shift images 0 0 15 15 
Mild to moderate narrowing (n = 33): 
Cervical (n = 13): 
% Signal loss 100 100 92 92 
% Phase-shift images 23 23 100 100 
Thoracic (n = 5): 
% Signal loss 100 100 100 100 
% Phase-shift images 0 0 100 100 
Lumbar (n = 15): 
% Signal loss 0 0 0 0 
% Phase-shift images 0 0 0 0 
Severe narrowing (n = 14): 
Cervical (n = 5): 
% Signal loss 0 0 0 0 
% Phase-shift images 0 0 0 20 
Thoracic (n = 3): 
% Signal loss 0 0 0 0 
% Phase-shift images 0 0 33 33 
Lumbar (n = 6): 
% Signal loss 0 0 0 0 
% Phase-shift images 0 0 0 0 





Signal loss on axial cervical and thoracic spinal images was 
slightly more prominent on second-echo than on first-echo 
images. The presence of signal loss in the axial plane impaired 
delineation of CSF interfaces with both spinal cord and thecal 
sac (Figs. 2C and 2E). 

Signal loss was observed in the sagittal plane of normal 
cervical and thoracic spines on long-TR pulse sequences in 
85-100% of patients depending on spinal segment and echo 
number (Table 1). In no patient was signal loss observed on 
Sagittal long-TR images in the lumbar spine. The pattern of 
CSF signal loss in relation to the spinal cord closely reflected 
the appearance described on axial images. In the cervical 
spine, signal loss appeared as curvilinear bands of decreased 
signal intensity, predominantly anterior to the spinal cord or 
within the lateral recesses, depending on the relationship of 
the imaging plane to midline (Figs. 2A, 2B, and 2F). In the 
thoracic spine, signal loss was observed as Curvilinear bands 
of decreased signal intensity predominantly posterior or lateral 
to the spinal cord, also depending on the relationship of the 
imaging plane to midline (Fig. 3). Signal loss on sagittal images 
was less prominent on second-echo than on first-echo images 
using symmetric-echo pulse sequences. In contrast, signal 
loss was more prominent on second-echo images when 
asymmetric pulse sequences were used. The presence of 
signal loss in the sagittal plane impaired delineation of CSF 
interfaces with both spinal cord and thecal sac (Figs. 2A, 2B, 
and 3). 


Phase-shift images were observed in the sagittal plane of 
normal cervical and thoracic spines on long-TR pulse se- 
quences in all patients (Table 1). In only 15% of normal 
patients were phase-shift images observed in the lumbar 
region on sagittal long-TR images. In the sagittal plane, phase- 
shift images appeared as curvilinear bands of either increased 
or decreased signal intensity morphologically identical to the 
spinal subarachnoid space but projected symmetrically from 
it both anteriorly and posteriorly along the phase-encoding 
direction (Fig. 2B). When projected into air anterior or poste- 
rior to the cervical spine, phase-shift images consisted of 
uniformly increased signal intensity. On midline images, 
phase-shift images arose from CSF both anterior and poste- 
rior to the spinal cord. When superimposed on the spinal cord 
or other structures anterior or posterior to the spinal canal, 
phase-shift images resulted in a “striated” pattern, degrading 
overall image quality and impairing delineation of CSF inter- 
faces with both spinal cord and thecal sac (Figs. 2B and 2F). 
Phase-shift images in the sagittal plane were less prominent 
on second-echo than on first-echo images using symmetric- 
echo pulse sequences. In contrast, phase-shift images were 
more prominent on second-echo images when asymmetric- 
echo pulse sequences were used. 

Phase-shift images were observed in the axial plane of 
normal spines on long-TR pulse sequences in 34% of cervical 
and 19% of thoracic spines (Table 1). In no patients were 
phase-shift images observed in the lumbar spine on axial 
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Figure 2. See caption, opposite page. 
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< Fig. 2.—Normal cervical spine. Manifestations of CSF pulsatile flow. 

A, Sagittal long-TR first-echo image shows signal loss and phase-shift 
images. TR 2500 msec, TE 25 msec, slice thickness 3 mm. With these 
imaging parameters, CSF signal intensity should be equal to or greater 
than spinal cord signal intensity. Signal loss (long arrows) of CSF was 
present anterior to upper cervical cord and posterior to lower cervical cord. 
Phase-shift images were projected onto spinal cord (short arrows) and 
anterior to spine (short arrows). 

B, Sagittal long-TR second-echo image shows more pronounced signal 
loss and phase-shift images using asymmetric echoes. TR 2500 msec, TE 
80 msec, slice thickness 3 mm. Signal loss (long arrows) and phase-shift 
images (short arrows) were increased relative to first-echo image (A). 
Superimposition of phase-shift images on spinal cord degraded its visual- 
ization. 

C, Axial long-TR first-echo image shows signal loss. TR 2000 msec, TE 
40 msec, slice thickness 3 mm. Signal loss (straight arrows) was localized 
to anterolateral recesses and anterior subarachnoid space because of 
posterior spinal cord position. Anterior nerve roots (curved arrows) were 
seen within anterolateral recesses. 

D, Comparison axial short-TR pulse sequence at same level shows 
normal anatomy. TR 600 msec, TE 25 msec, slice thickness 3 mm. Regions 
of signal loss on long-TR image (C) were shown to correspond to spinal 
CSF. Anterior nerve roots (arrows) were better seen and appeared smaller. 

E, Axial long-TR first-echo image shows irregular spinal cord contour. 


2DFT MR IMAGING OF SPINAL CSF PULSATION 977 


TR 2500 msec, TE 40 msec, slice thickness 3 mm. Circumferential signal 
loss was most pronounced anteriorly and within anterolateral recesses 
because CSF motion was greatest in these regions. More slowly moving 
CSF adjacent to spinal cord was isointense with cord and obscured actual 
cord margin. 

F, Sagittal long-TR second-echo image shows signal loss and phase- 
shift images. TR 2000 msec, TE 80 msec, slice thickness 3 mm. Imaging 
plane was through left anterolateral recess, lateral to spinal cord. Signal 
loss (long arrows) appeared as curvilinear band of decreased signal 
intensity adjacent to more slowly moving CSF within anterolateral recess. 
Phase-shift images (short arrows) were seen anteriorly. 

G, Comparison axial long-TR second-echo image. TR 2500 msec, TE 80 
msec, slice thickness 3 mm. Characteristic signal loss anteriorly and within 
anterolateral recesses bilaterally. Arrows indicate sagittal imaging plane 
of F. 

H, Axial long-TR second-echo image shows signal loss and phase-shift 
images. TR 1200 msec, TE 40 msec, slice thickness 5 mm. Characteristic 
signal loss (solid arrow) anterior and anterolateral to spinal cord. Phase- 
shift images (open arrows) were symmetrically displaced from subarach- 
noid space anteriorly and posteriorly. Both were morphologically identical 
to signal loss within subarachnoid space. Anterior phase-shift image was 
added to soft-tissue signal intensity, whereas posterior phase-shift image 
was subtracted from soft-tissue signal intensity. Numerous, less intense 
phase-shift images were also present. 











A 


Fig. 3.—Normal thoracic spine. Manifestations 
of CSF pulsation flow phenomena. Sagittal long- 
TR second-echo image shows signal loss. TR 2000 
msec, TE 80 msec, slice thickness 3 mm. Broad 
curvilinear band of signal loss (arrows) was pre- 
dominantly posterior to spinal cord because of 
anterior cord position. Signal loss anterior to the 
cord is difficult to separate from cortical bone of 
posterior vertebral body, which also is low signal 
intensity. 








B 


Fig. 4.—Normal lumbar spine. Absent CSF pulsation flow phenomena. 

A, Sagittal long-TR second-echo image shows high signal intensity of CSF within thecal sac. TR 
2500 msec, TE 80 msec, slice thickness 3 mm. Nonuniformity of signal was secondary to surface- 
coil imaging. No signal loss or phase-shift images were present. 

B, Corresponding axial long-TR second-echo image shows high signal intensity of CSF within 
thecal sac. TR 2500 msec, TE 80 msec, slice thickness 3 mm. Paired nerve roots were well delineated 
in absence of signal loss and phase-shift images. 
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Fig. 5.—Normal thoracic spine. Signal loss 
simulating intradural masses; effect of slice 
thickness on signal loss. 

A, Axial long-TR second-echo image shows 
variegated regions of signal loss within thecal 
sac. TR 2000 msec, TE 80 msec, slice thickness 
3 mm. Spinal cord (solid arrow) was difficult to 
differentiate from regions of signal loss (open 
arrows), which varied in intensity. 

B, Axial long-TR second-echo image at differ- 
ent level shows variation in size, position, and 
signal intensity of circumscribed regions of sig- 
nal loss. TR 2000 msec, TE 80 msec, slice thick- 
ness 3 mm. Large circumscribed region of signal 
loss in A was absent at this level. Smaller region 
of signal loss laterally persisted (open arrow). 
Spinal cord (solid arrow) was unchanged in ap- 
pearance. 

C, Axial long-TR second-echo image at same 
level as B shows effect of increasing slice thick- 
ness on signal loss. TR 2000 msec, TE 80 msec, 
slice thickness 10 mm. All regions of signal loss 
disappeared except one (open arrow). Spinal 
cord contour (solid arrow) was better delineated. 

D, Axial long-TR second-echo image at same 
level as C shows effect of further increasing slice 
thickness. TR 2000 msec, TE 80 msec, slice 
thickness 20 mm. All regions of signal loss are 
now eliminated; CSF signal intensity is uniform. 
Spinal cord contour and size are well delineated 
(arrow). 


Fig. 6.—Anterior cervical osteophytes. Effect 
of incomplete spinal block on signal loss and 
phase-shift images. 

A, Sagittal long-TR first-echo image shows 
signal loss caudal to cervical osteophytes. TR 
2500 msec, TE 25 msec, slice thickness 3 mm. 
Cervical osteophytes (curved arrows) at C5-C6 
and C6-C7. Signal loss (straight arrows) caudal 
to osteophytes indicates lesions were not caus- 
ing high-grade block. 

B, Corresponding long-TR second-echo sag- 
ittal image shows signal loss and phase-shift 
images below cervical osteophytes. TR 2500 
msec, TE 80 msec, slice thickness 3 mm. In 
addition to signal loss (short straight arrows), 
phase-shift images (long straight arrows) were 
present caudal to osteophytes (curved arrows). 
This figure illustrates the utility of demonstrating 
pulsation flow phenomena in evaluating degree 
of spinal block. 


long-TR images. In the axial plane, phase-shift images ap- anteriorly and posteriorly along the phase-encoding direction 
peared as “crescents” or “rings” of increased or decreased (Fig. 2H). When projected into air anterior or posterior to the 
signal intensity morphologically identical to the spinal sub- cervical spine, phase-shift images consisted of uniformly in- 


arachnoid space but projected symmetrically from it both creased signal intensity. 
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A 


Fig. 7.—Herniated nucleus pulposus. Effect of 
high-grade block on signal loss and phase-shift 
images. Sagittal long-TR second-echo image 
shows absence of pulsation flow phenomena in 
patient with herniated disk at C6-C7 (arrow), 
which caused high-grade spinal block. TR 2500 
msec, TE 80 msec, slice thickness 3 mm. Note 
absence of signal loss and phase-shift images 
caudal to lesion. In absence of these pulsation 
flow phenomena, CSF-thecal sac and CSF-spinal 
cord conspicuity were excellent. Pulsation flow 
phenomena were absent because CSF pulsation 
amplitude was decreased by spinal block. This 
figure illustrates utility of demonstrating absence 
of pulsation flow phenomena in cases of high- 
grade spinal block. Care must be taken to ensure 
that accidental pseudogating does not occur. 


quality. 


In 33 patients classified with mild to moderate narrowing of 
the spinal subarachnoid space (Fig. 6), signal loss and phase- 
shift images were observed with comparable frequency and 
identical pattern to the normal group when imaged below the 
level of narrowing (Table 1). In several cases, signal loss at 
the level of narrowing was slightly more prominent than above 
or below the narrowed segment. When narrowing of the 
subarachnoid space was severe, signal loss and phase-shift 
images were absent below the level of narrowing (Fig. 7) in 
most of the patients. 

Increasing slice thickness from 3 to 20 mm during axial 
imaging of normal cervical and thoracic spines in four normal 
patients resulted in decreased signal loss and increased uni- 
formity of subarachnoid CSF signal intensity. With a 20-mm 
thickness, signal loss was completely eliminated (Fig. 5). 
Cardiac gating in three volunteers eliminated signal loss and 
ohase-shift images while reducing imaging time (Fig. 8). Elim- 
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Fig. 8.—Cervical spondylosis. Effect of CSF gating on pulsatile flow phenomena. 

A, Long-TR second-echo sagittal image (nongated) shows characteristic signal loss and phase- 
shift images. TR 2500 msec, TE 80 msec, slice thickness 3 mm. Pulsatile flow phenomena result in 
decreased conspicuity of thecal sac and spinal cord as well as generalized decrease in image 


B, Single-slice sagittal CSF-gated image eliminated pulsatile flow phenomena. Effective TR about 
850 msec, TE 80 msec, slice thickness 5 mm. Signal loss and phase-shift images were absent. 
“Myelographic” effect permitted accurate delineation of thecal sac and spinal cord revealing cervical 
spondylitic changes poorly seen on nongated image (A). Acquisition time for this image was about 
one-third that required for nongated study. 


ination of the CSF pulsation flow phenomenon resulted in 
improved delineation of spinal cord and thecal sac margins 
and overall improvement in image quality. 


Discussion 


The existence of spinal CSF pulsation has been widely 
recognized and extensively evaluated by both manometric 
[16-19] and myelographic [11-15] methods. It is also well 
known that the MR signal is extremely sensitive to motion 
[20-34]. It is therefore not unexpected that spinal CSF pul- 
sation causes changes on MR, although a description of spinal 
CSF pulsatile flow phenomena has not yet been reported. 
Until these CSF pulsation phenomena are understood, they 
can hinder diagnoses by obscuring normal or pathologic 
anatomy or occasionally simulating pathology. MR of the 
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spine provides new insights into CSF flow in the spinal canal 
that are apparent particularly when long-TR pulse sequences 
are used. 

CSF pulsation flow phenomena obscure CSF-spinal cord 
and CSF-thecal sac interfaces and reduce overall image 
quality. In the cervical spine, osteophytes, degenerative disks, 
and CSF pulsation signal loss are all low in signal intensity, 
making differentiation difficult. In the thoracic spine, CSF 
pulsation signal loss can assume different shapes secondary 
to differing flow rates around nerve roots and arachnoid 
septations that can result in the simulation of masses. It is 
conceivable that a spinal AVM could be simulated by normal 
CSF pulsation signal loss or be overlooked if enlarged vas- 
cular structures were located close to regions of CSF pulsa- 
tion signal loss. It is also possible for CSF pulsation phase- 
shift images to obscure subtle spinal cord lesions on long-TR 
sequences when superimposed on the spinal cord. Some of 
these pitfalls are avoidable once CSF pulsation signal loss 
and phase-shift images are understood. In addition, under- 
standing the etiology of these CSF pulsation flow phenomena 
provides a rational approach to eliminating them. Both phe- 
nomena occur secondary to harmonic modulation of proton 
precessional phase by the oscillatory CSF motion, as is 
described in detail in part 2 of this article [37]. 

Spinal CSF pulsation is characterized by an oscillatory 
motion of subarachnoid spinal CSF that is synchronous with 
the cardiac cycle [11-19]. When observed myelographically, 
an inferior displacement of oily contrast coincides with the 
onset of systole and ceases with diastole [11, 12]. It is 
believed that this motion results from systolic expansion of 
the brain, which displaces CSF from the cranial vault into the 
spinal subarachnoid space. Quantitatively, it is estimated that 
2.5 ml of CSF is displaced from the cranial vault with each 
heartbeat [12]. The excess fluid is accommodated within the 
spinal canal by the lumbar epidural venous plexus, which 
provides the necessary compliance in an otherwise rigid sys- 
tem. Venous influences on CSF pulsation are also widely 
recognized, although these are most important during disease 
states (hydrocephalus and congestive heart failure) or physi- 
ologic maneuvers (Valsalva, hyperventilation, and cough) [11, 
12, 16]. 

Myelographic studies have revealed that CSF pulsation 
amplitude is greatest in the cervical region (3-30 mm, mean 
9.6 mm), smaller in the thoracic region, and least in the lumbar 
region (0-7 mm, mean 1.7 mm) [11-13]. This agrees com- 
pletely with our observations as reflected in the frequency of 
signal loss and phase-shift images in the normal patient group. 
Myelographic studies have also shown increased pulsation 
amplitude at the level of incomplete spinal blocks, diminished 
pulsation amplitude proximal to complete spinal blocks, and 
absent pulsation distal to complete spinal blocks [11-13]. 
These findings have also been confirmed on MR images from 
our abnormal patient groups. The severity of subarachnoid 
space narrowing on MR images may be exaggerated because 
locally increased CSF velocity within the narrowed subarach- 
noid space enhances signal loss. Exclusion of complete block 
depends on demonstration of pulsation flow phenomena distal 
to the lesion. In cases of high-grade or complete spinal block, 
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homogeneous increased CSF signal intensity is observed 
distal to the block without signal loss or phase-shift images. 
When CSF pulsation flow phenomena are absent, however, 
it is necessary to differentiate stationary CSF from chance 
pseudogating and incomplete even-echo rephasing. Pseudo- 
gating represents a chance synchronization between the CSF 
pulsation period and TR that minimizes CSF pulsation flow 
phenomena. Incomplete even-echo rephasing produces 
higher CSF signal intensity on sagittal second-echo images 
than on first-echo images simulating relatively stationary CSF, 
and is discussed further in part 2 of this article [37]. Under- 
standing these CSF dynamics and flow phenomena will be 
important in the accurate interpretation of MR spinal images 
because they provide physiologic and pathologic information 
similar to that obtained by more invasive means such as 
myelography. 

The pattern of CSF pulsation signal loss observed at a 
given level depends on the interaction between CSF flow and 
subarachnoid anatomy (spinal cord position within the thecal 
sac, nerve roots, and arachnoid septations). As will be shown 
in part 2 of this article, the magnitude of signal loss within 
pulsatile CSF is quantitatively related to flow velocity (during 
both axial and sagittal imaging) in addition to slice thickness 
(during axial imaging). Anatomic factors influencing the pat- 
tern of subarachnoid signal loss are somewhat less predict- 
able. Spinal cord position is variable but often determined by 
the normal cervical lordosis (posterior cord) and thoracic 
kyphosis (anterior cord). CSF flow around the spinal cord is 
complex probably because nerve roots and arachnoid sep- 
tations function as “hydraulic baffles” that locally slow CSF 
flow, create turbulence, and channel CSF into unobstructed 
regions of the subarachnoid space. Variability of CSF pulsa- 
tion signal loss between patients is likely related in part to 
differences in CSF flow velocity and the development of their 
arachnoid septations [38]. In extreme cases, CSF may be 
relatively stagnant within arachnoid septations, most often 
within the dorsal thoracic spine [38]. In some regions of the 
subarachnoid space there appears to be less variability in the 
appearance of CSF pulsation signal loss, probably because 
in these regions CSF flow is relatively unobstructed (“CSF 
flow channels”). Prominent CSF pulsation signal loss in the 
cervical anterolateral recesses is a relatively constant finding 
in most patients, suggesting these regions may function as 
CSF flow channels. 

Recognition of signal loss within CSF flow channels in the 
cervical and thoracic spine is facilitated by the presence of 
higher signal intensity within adjacent stagnant CSF. Slower- 
flowing CSF occurs at the CSF-thecal sac and CSF-spinal 
cord interfaces because of hydrodynamic considerations [39, 
40], leading to less pronounced signal loss. Unfortunately, 
this signal intensity is often isointense with adjacent struc- 
tures making delineation of the true interface difficult if not 
impossible with long-TR sequences. The lower pulsation am- 
plitude of CSF within the lumbar spine accounts in part for 
the decreased incidence of signal loss at this level. Recogni- 
tion of signal loss within the lumbar spine may be more difficult 
than it is within other spinal segments, however. Some signal 
loss within the lumbar CSF may be present but unrecognized, 
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because absence of CSF flow channels in the lumbar spine 
precludes comparison of moving CSF with relatively stagnant 
CSF. In fact, cases of arachnoid cysts in the lumbar region 
demonstrate higher signal intensity of CSF within the cyst, 
suggesting that signal loss within the lumbar spine is likely to 
be underestimated in our series. 

Phase-shift-image appearance (intensity, discreteness, 
number, and position) and signal loss are highly variable 
between patients. As is demonstrated in part 2 of this article 
[37], phase-shift-image number and position is influenced by 
the relationship between heart rate and TR, whereas its 
intensity is influenced by CSF pulsation amplitude. Differences 
between patients are therefore dependent on both physiologic 
(heart rate, arrhythmias, CSF pulsation amplitude, subarach- 
noid anatomy) and imaging (TR) parameters. It is important 
to recognize that much of the variability observed in the 
appearance of CSF pulsation flow phenomena occurs sec- 
ondary to chance synchronization of data acquisition (TR) 
with the cardiac cycle, which explains why these phenomena 
are occasionally not observed. In addition, symmetric- and 
asymmetric-echo pulse sequences result in different appear- 
ances of CSF on sagittal second-echo images [41], as was 
observed in this patient group. Phase-shift images originating 
from pulsatile CSF motion should be differentiated from other 
kinds of phase-shift signal, which arise from any form of 
periodic motion (swallowing, cardiac, respiratory, blood flow, 
and bowel). The most reliable distinguishing feature between 
these and CSF phase-shift images is that the latter are 
morphologically identical to the corresponding signal loss 
within the subarachnoid space and are confined to planes 
containing pulsatile CSF. 

In view of the numerous publications concerning MR of the 
spine [1-10], at first it is unclear why a phenomenon such as 
spinal CSF pulsation, which is so fundamental, has not yet 
been reported. This is likely related in part to TR and slice 
thickness during axial imaging. Review of recent literature 
revealed that long-TR sequences were not routinely obtained 
in most studies, and slice thicknesses of 7-15 mm were 
generally used. As we have demonstrated, these phenomena 
are most prominent on long-TR pulse sequences and in the 
axial plane, particularly when thin sections are imaged. They 
are less evident on short-TR pulse sequences in which CSF 
has little intrinsic signal because of its long 11. It is also 
possible that these phenomena were not observed as often 
on early imagers because heavily T2-weighted images were 
more difficult to obtain with an acceptable signal-to-noise 
ratio. Long TR pulse sequences are useful in spine imaging 
because T2 contrast can sometimes demonstrate cord le- 
sions or low-intensity extradural defects that may not be 
apparent when imaged with short-TR sequences [42]. 

To improve demonstration of spinal CSF and quantitatively 
evaluate normal and abnormal CSF dynamics, MR CSF flow 
imaging may be useful with flow-sensitive pulse sequences. 
However, CSF flow imaging for the purpose of inferring 
anatomic detail may prove unpredictable in many patients 
because variations in normal subarachnoid anatomy may lead 
to nonuniform flow patterns. With the advent of CSF gating, 
anatomic detail is obtained irrespective of CSF flow and 
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arachnoid septations. The elimination of both signal loss and 
phase-shift images results in improved CSF-spinal cord and 
CSF-thecal sac conspicuity in addition to overall improved 
image quality secondary to an increased signal-to-noise ratio. 
The clinical implementation of CSF gating is described else- 
where [41, 42]. The rationale for its application to MR spinal 
imaging follows directly from theoretical considerations de- 
scribed in detail in part 2 of this article [37]. 
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Harmonic Modulation of 
Proton MR Precessional 
Phase by Pulsatile Motion: 
Origin of Spinal CSF Flow Phenomena 





The effects of pulsatile motion on MR imaging of spinal CSF were quantitatively 
evaluated with a spine phantom that simulated spinal CSF pulsation. Two fundamental 
interdependent pulsation flow phenomena were observed: variable reductions in signal 
intensity of pulsatile CSF (signal loss) and spatial mismapping of this signal beyond the 
confines of the subarachnoid space (phase-shift images). Phase-shift images were 
observed as multiple regions of signal intensity conforming morphologically to the 
subarachnoid space but displaced symmetrically from it along the phase-encoding axis, 
either added to or subtracted from stationary signal intensity. Both CSF pulsation flow 
phenomena occurred secondary to harmonic modulation of proton precessional phase 
(temporal phase shift) by the unique pulsatile motion of spinal CSF when the repetition 
time was not an integral multiple of the pulsation period. Each flow phenomenon was 
analyzed with the spine phantom independently to control individual imaging and 
physiologic parameters including imaging plane, repetition time, echo time, slice thick- 
ness, number of echoes, number of excitations, CSF pulsation amplitude, and CSF 
pulsation period. In the axial plane, signal loss was present on both first- and second- 
echo images and was more pronounced with larger pulsation amplitudes and smaller 
slice thicknesses. A quantitative relationship between these two parameters allowed 
the prediction of CSF pulsation amplitude when the slice thickness was known and the 
CSF signal intensity was measured. In the sagittal plane, signal loss was present on 
first-echo images, was more pronounced with larger pulsation amplitudes, and under- 
went incomplete even-echo rephasing on second-echo images. Phase-shift images 
were influenced by the relationship between repetition time and CSF pulsation period. 
They were partly eliminated on sagittal but not on axial second-echo images because 
of incomplete even-echo rephasing. Both signal loss and phase-shift images were 
completely eliminated with CSF gating or pseudogating, indicating the rationale for 
gating during clinical spinal MR. The clinical significance of these findings is that 
awareness of the existence of spinal CSF pulsation flow phenomena avoids diagnostic 
confusion, whereas understanding their etiology provides a rational approach, such as 
CSF gating, to eliminate them. 


As described in part 1 of this article [1], CSF pulsation flow phenomena are 
present in normal individuals, and their absence may signify pathologic conditions 
associated with spinal block. In addition, the interpretation of spinal MR images 
may be difficult because of complex subarachnoid signal-intensity patterns created 
by pulsatile CSF motion. Understanding the manifestations and mechanisms of 
CSF pulsation flow phenomena on clinical spinal MR at first appears difficult 
because of considerable variation in anatomy (spinal cord, nerve roots, arachnoid 
trabeculations) and physiology (heart rate, CSF pulsation amplitude) from patient 
to patient. Additional difficulty occurs because of complex interactions between 
these subject parameters and MR data acquisition parameters, such as repetition 
time (TR), echo time (TE), number of echoes, slice thickness, and number of 
excitations, making analysis of flow phenomena on the basis of clinical images 
alone very complex. For these reasons, the anatomic and physiologic parameters 
of the human spine were modeled in a phantom spine so that each could be 
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controlled independently and the relationships between phys- 
lologic and MR data acquisition parameters investigated. 


Materials and Methods 


The spine phantom was constructed of three concentric acrylic 
tubes (Fig. 1). The innermost tube (phantom spinal cord) had a 1.6- 
cm outer diameter (OD) and 25-cm length and contained stationary 
water that served as a reference signal intensity during imaging. The 
middle concentric acrylic tube (phantom thecal sac) had a 2.5-cm 
inner diameter (ID) and 46-cm length and was connected at each end 
to vinyl tubing (2.5-cm ID, 30-cm length) formed to resemble a 
J-shaped reservoir. Water contained between the middle and inner- 
most tubes (phantom CSF) was oscillated between these reservoirs 
to simulate CSF pulsation using a periodic pneumatic pressure pro- 
duced by a dual-roller blood pump (Gambro BP10-1C, Sweden) 
modified by removing one of the rollers. Independent control of 
pulsation amplitude and period on a continuous spectrum was ac- 
complished by adjusting the blood-pump roller-tension screw and 
flow-rate potentiometer, respectively. Stationary water contained be- 
tween the middle and outermost acrylic tube (7.6-cm OD, 38-cm 
length) was used to simulate perivertebral soft tissues. A rigid stand 
was constructed to position the phantom spine at the magnet iso- 
center and prevent motion during imaging. 

Pulsation amplitude was measured directly from the reservoir water 
level, which was displaced by a segment of acrylic tubing equal in 
diameter to the phantom spinal cord. Pulsation period was measured 
to within several milliseconds with a digital oscilloscope (Tektronix 
Model 468, Beaverton, OR) connected in series between a 5-V DC 
power supply and dual electrode leads (ionic switch) fixed at water 
level within the reservoir. Using this circuit as a trigger, direct “CSF 
gating” of MR data acquisition was synchronized to “systole” or 
“diastole” by adjusting the electrode lead height in relation to the 
reservoir water level. 

A GE Signa superconducting MR system operating at 1.5 T and 
equipped with a 30- by 18-cm rectangular surface coil was used for 
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phantom spine imaging. Image reconstruction was done with 2DFT 
techniques. Image matrix size was 256 in frequency and 128 in 
phase-encoding directions resulting in a pixel resolution of 0.6 x 1.2 
mm for a 16-cm field of view. Short- and long-TR spin-echo pulse 
sequences were used in both axial and sagittal planes in conjunction 
with single- or multislice and single- or multiecho acquisitions. A single 
echo at TE 25 msec was obtained for short TR (400-1000 msec) 
sequences, while two echoes at TE 40 and 80 msec were obtained 
for long TR (2000-3000 msec) sequences. Between two and 10 
excitations were acquired for each imaging sequence. 

The effects of slice thickness (3, 5, 10, 15, and 20 mm) and 
pulsation amplitude (3, 8, 16, and 32 mm) on CSF pulsation flow 
phenomena were quantitatively evaluated in both axial and sagittal 
planes (TR 2000 msec; TE 40, 80 msec; slice spacing 1 mm; pulsation 
period 1056 msec). The influence of slice spacing in the axial plane 
on these results was then investigated by repeating the experiments 
using a slice spacing (0.6, 1, 2, 3, or 4 mm) equal to 20% of the slice 
thickness (3, 5, 10, 15, or 20 mm). In addition, constant slice thickness 
(5 mm) and pulsation amplitude (10 mm) were used in the axial plane 
with increasing slice spacing (0.6, 2.4, 4.5, or 9 mm). The effects of 
TE (25, 50, 75, and 100 msec) independent of echo number on CSF 
pulsation flow phenomena were quantitatively evaluated in the sagittal 
plane by using two echoes (TR 2000 msec, slice thickness 3 mm, 
pulsation amplitude 10 mm, pulsation period 1056 msec). In each 
image, signal intensity (pulsatile and stationary water) and phase- 
shift images (number, position, and signal intensity) were evaluated. 
The percentage signal intensity of pulsatile to Stationary water was 
calculated for each image by using regions of interest within the 
phantom subarachnoid space and spinal cord. Signal nonuniformity 
caused by surface-coil imaging was avoided by choosing region-of- 
interest locations equidistant from the surface coil on control images 
obtained without phantom CSF pulsation (pump off). 

The effects of TR and pulsation period on CSF pulsation flow 
phenomena during axial and sagittal single-slice imaging were eval- 
uated by three methods (pulsation amplitude 10 mm, slice thickness 
5 mm, TE 25 msec). First, using a constant pulsation period (1056 
msec), TR was systematically increased from 150 to 3000 msec (TR 


Fig. 1.—CSF pulsation spine phantom. Water 
simulating CSF (C) within spinal thecal sac (B) is 
pulsated between reservoirs at each end of 
phantom by oscillatory pump (H). Stationary 
water contained within phantom spinal cord (D) 
and surrounding spine phantom (A) provides ref- 
erence signal intensity. Pulsation amplitude is 
measured on millimeter rule (E), and pulsation 
period is measured by ionic switch (F) at reser- 
voir water level. Imaging is performed with sur- 
face coil (G) beneath phantom spine. 
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450-1000 msec in 50-msec increments, TR 1000-3000 msec in 100- 
msec increments). The second method used pseudogating (inten- 
tional synchronization of TR with pulsation period) with the TR equal 
to an even multiple (0.5, 1, 2) of the pulsation period (1056, 1500 
msec). For each multiple, TR was systematically varied from this 
value by 2- to 10-msec increments. The third method was CSF gating 
of MR data acquisition and comparison of these results with nongated 
and pseudogated images obtained under otherwise identical condi- 
tions (TE 25 msec, slice thickness 5 mm, pulsation period 1500 msec, 
pulsation amplitude 10 mm). 


Results 


In the absence of pulsatile motion, water within the phantom 
subarachnoid space was equal in signal intensity to the ad- 
jacent control water (Figs. 2A and 3A) provided that region- 
of-interest measurements were made equidistant from the 
surface coil. During axial and sagittal imaging of pulsatile 
motion, two interdependent flow phenomena were observed 
(Figs. 2 and 3): decreased signal intensity of oscillating water 
(signal loss) and multiple regions of signal intensity conforming 
morphologically to the subarachnoid space but displaced 
symmetrically from it along the phase-encoding axis (phase- 
shift images). The manifestations of these two flow phenom- 
ena were dependent on pulsation period, pulsation amplitude, 


Fig. 2.—Pulsation flow phenomena, sagittal 
spine phantom. All pulse sequences had TR 2000 
msec, slice thickness 3 mm. 

A, Control. Pulsation pump off, TE 40 msec, 
field of view 16 cm. Homogeneous signal inten- 
sity within all compartments: subarachnoid 
space (curved arrows), spinal cord (short 
straight arrow), and surrounding control water 
(long straight arrow). Acrylic walls of phantom 
spinal cord and thecal sac are low signal inten- 
sity. Signal gradient from bottom to top of image 
occurs because of surface-coil imaging. 

B, Signal loss. Pulsation amplitude 20 mm, 
pulsation frequency 1056 msec, TE 40 msec, 
field of view 16 cm. Decreased signal intensity 
of pulsatile water within subarachnoid space 
(open arrows). Phase-shift images are projected 
outside of spine phantom (solid arrow). 

C, Phase-shift images. First-echo image, pul- 
sation amplitude 10 mm, pulsation frequency 
1056 msec, TE 40 msec, field of view 48 cm. 
Phase-shift images (arrows) are morphologically 
identical to subarachnoid space but displaced 
symmetrically from it along phase-encoding di- 
rection (curvilinear distortion is apparent only 
when large fields of view are used). Signal loss 
within subarachnoid space persists. Rectangular 
regions of decreased signal intensity at each 
end of spinal cord are acrylic plugs. Ovoid region 
of decreased signal intensity within spinal cord 
on reader’s right is an air bubble. 

D, Incomplete even-echo rephasing. Second- 
echo image, pulsation amplitude 10 mm, pulsa- 
tion frequency 1056 msec, TE 80 msec, field of 
view 48 cm. Signal intensity of pulsatile water 
within subarachnoid space is greater than on 
first-echo image (C) but is still less intense than 
stationary control water. Phase-shift images are 
much less apparent than on C. Even-echo re- 
phasing was not observed during axial imaging. 
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imaging plane, TR, TE, slice thickness, number of echoes, 
number of excitations, and field of view. 

Signal loss was uniform across the flow-channel lumen 
except for the frequent presence of a thin rim of signal 
intensity isointense with control water at the interface with 
the walls of the spine phantom (Fig. 3C). Pulsatile water signal 
intensity was nonuniform only when superimposition by 
phase-shift images occurred. Individual phase-shift images 
were discrete and sharply marginated, and their morphology 
was identical to that of the pulsatile water within the subarach- 
noid space on both axial and sagittal images (Figs. 2 and 3). 
The spacing between individual phase-shift images was equal, 
whereas their signal intensity varied with their displacement 
from the flow channel. Where the phase-shift images pro- 
jected beyond the confines of the phantom into air, their signal 
intensity was always symmetric about the flow channel (Fig. 
3D). Where phase-shift images coexisted spatially with sta- 
tionary (reference) water, the resulting signal intensity was 
asymmetric about the flow channel. In this case, correspond- 
ing phase-shift images equidistant from the flow channel 
demonstrated opposite interference patterns (constructive 
and destructive), resulting in the appearance of phase-shift 
images added to and subtracted from stationary signal inten- 
sity (Fig. 3D). 
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Signal loss within pulsatile water was influenced by the 
imaging plane, TR, pulsation period, slice thickness, pulsation 
amplitude, echo number, and TE. In both axial and sagittal 
imaging planes, signal loss was observed when the TR was 
not an integral multiple of the pulsation period. During axial 
imaging, signal loss within pulsatile water was present on 
both first- and second-echo images, and decreasing slice 
thickness resulted in more pronounced signal loss on both 
echoes (Figs. 3-5). The signal intensity of pulsatile water 
approached that of control water on first-echo images with 
slice thicknesses greater than 1 cm and pulsation amplitudes 
less than 16 mm (Figs. 3 and 4). Increasing pulsation ampli- 
tude during axial imaging resulted in more pronounced signal 
loss on first- and second-echo images (Figs. 4-6). Plotting 
percentage signal intensity from axial images as a function of 
Slice thickness for each pulsation amplitude studied, pulsatile 
water varied between 15 and 100% of control-water signal 
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Fig. 3.—Effect of slice thickness on pulsation flow phenomena, axial 
spine phantom. All images obtained with TR 2000 msec, second echo at 
TE 80 msec, pulsation amplitude 10 mm, pulsation period 1056 msec. 

A, Control. Slice thickness 3 mm, pulsation pump off. Homogeneous 
signal intensity within all compartments: subarachnoid space (curved ar- 
row), spinal cord (short straight arrow), and Surrounding control water 
(long straight arrow). Acrylic walls of phantom spinal cord and thecal sac 
are of low signal intensity. Signal gradient from bottom to top of image 
occurs because of surface-coil imaging. 

B, Slice thickness 3 mm, pulsation pump on. Prominent signal loss within 
subarachnoid space (large arrow) and phase-shift images (small arrow) 
were present. Signal loss was less pronounced on first-echo image, and 
phase-shift images were of higher intensity and positioned similar to those 
in C-F. 

C, Slice thickness 5 mm, pulsation pump on. Signal loss was less 
prominent; phase-shift images (arrows) were more prominent. 

D, Slice thickness 10 mm, pulsation pump on. Further decrease in signal 
loss, phase-shift images unchanged. Note that where phase-shift image 
signal intensity coexisted spatially with control signal intensity, phase-shift 
images were either added to (open arrow) or subtracted from (solid arrow) 
control signal intensity. 

E, Slice thickness 15 mm, pulsation pump on. Signal intensity within 
subarachnoid space approaches that of control signal intensity; phase- 
shift images unchanged. 

F, Slice thickness 20 mm, pulsation pump on. Nearly homogeneous 
signal intensity within all compartments. Phase-shift images were slightly 
decreased in signal intensity. Ovoid region of decreased signal intensity 
within spinal cord was air bubble now included in slice. 


intensity depending on the combination of slice thickness and 
pulsation amplitude during imaging (Fig. 4). For each combi- 
nation, signal loss was always more prominent on axial sec- 
ond-echo images than on first-echo images (Figs. 4 and 9). 
Plotting percentage signal intensity from axial images as a 
function of the ratio of pulsation amplitude to slice thickness, 
a linear decrease in signal intensity occurred at ratios of 0.5- 
3 (Fig. 7). 

During sagittal imaging, signal loss within pulsatile water 
was present on first-echo images but was partly restored on 
second-echo images (incomplete even-echo rephasing) (Fig. 
2). Increasing TE independently of echo number during sag- 
ittal imaging decreased even-echo rephasing of signal loss on 
second-echo images. Unlike axial images, sagittal images 
were not influenced by slice thickness. Increasing the pulsa- 
tion amplitude resulted in more pronounced signal loss on 
Sagittal first-echo and to a lesser extent second-echo images. 
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Fig. 4.—Graph of first-echo percentage signal 
intensity (pulsatile to control water) plotted as 
function of slice thickness for each pulsation 
amplitude studied. TR 2000 msec, TE 40 msec. 
Decreased percentage signal intensity was ob- 
served with decreasing slice thickness, most 
pronounced with large pulsation amplitudes (16 
and 32 mm). Decreased percentage signal inten- 
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Fig. 5.—Graph of second-echo percentage 
signal intensity (pulsatile to control water) plot- 
ted as function of slice thickness for each pul- 
sation amplitude studied. TR 2000 msec, TE 80 
msec. Effects of slice thickness and pulsation 
amplitude on percentage signal intensity were 
significantly more pronounced than from first- 
echo data (Fig. 4). 


During both axial and sagittal imaging, when TR was an 
integral multiple of the pulsation period, signal loss was 
completely eliminated (Figs. 8A, 8B, and 9C). 

Phase-shift images arising from pulsatile water were influ- 
enced by imaging plane, TR, pulsation period, number of 
excitations, pulsation amplitude, slice thickness, and TE. In 
both axial and sagittal imaging planes, phase-shift images 
were observed when the product of TR and the number of 
averaged excitations was not an integral multiple of the 
pulsation period. Maximum displacement of phase-shift im- 
ages from the subarachnoid space occurred when the product 
of TR and the number of excitations was either one-half the 
pulsation period or equal to the average of consecutive mul- 
tiples of the pulsation period. In both planes, as TR ap- 
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proached an integral multiple of the pulsation period, phase- 
shift images converged upon the flow channel (Figs. 8 and 9). 
The relationship between TR and pulsation period was critical 
because if TR was only 10 or 20 msec offset from an integral 
multiple of the pulsation period then considerable separation 
of the phase-shift images from the subarachnoid space oc- 
curred, resulting in diminished conspicuity of CSF-spinal cord 
and CSF-thecal sac interfaces (Fig. 9). When the product of 
TR and the number of excitations was an integral multiple of 
the pulsation period, phase-shift images were completely 
eliminated (Figs. 8A, 8B, and 9C). For example, using a TR 
equal to one-half the pulsation period and two excitations, 
phase-shift images were eliminated despite prominent signal 
loss (Fig. 8C). Phase-shift images were also eliminated in both 
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Fig. 6.—Effect of pulsation amplitude on pulsation flow phenomena, axial spine phantom. All pulse sequences had TR 2000 msec, TE 40 msec, slice 


thickness 5 mm, pulsation period 1056 msec. 


A, Pulsation amplitude 2 mm. Signal intensity was homogeneous within all compartments. Low-intensity phase-shift images (arrow) were observed 


even at this low pulsation amplitude. 


B, Pulsation amplitude 5 mm. Minimal signal loss within subarachnoid space. Phase-shift images slightly more prominent. 
C, Pulsation amplitude 10 mm. Increased signal loss within subarachnoid space. Phase-shift images increased in signal intensity although unchanged 


in position. 


D, Pulsation amplitude 20 mm. Marked signal loss within subarachnoid space. Phase-shift images unchanged. 
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imaging planes using CSF-gated data acquisition (Fig. 10), 
irrespective of whether consecutive or alternate pulsations 
were used as a trigger. 

On both axial and sagittal images, the intensity of phase- 
shift images was proportional to pulsation amplitude (Fig. 6). 
During axial imaging, phase-shift images were present on 
both first- and second-echo images, and varied with slice 
thickness when thin slices (3-5 mm) were used but achieved 








Fig. 7.—Graph of percentage signal intensity 
(pulsatile to control water) plotted as function of 
ratio of pulsation amplitude to slice thickness. 
TR 2000, TE 80. Relationship between slice 
thickness and pulsation amplitude was demon- 
strated because linear decrease in percentage 
signal intensity was observed between ratios of 
0.5-3.0 irrespective of individual slice thickness 
or pulsation amplitude. Note that second-echo 
data (Fig. 5) from all four pulsation amplitude 
curves are closely grouped. 


a Stable pattern with thicker slices (10-20 mm) (Fig. 3). In 
contrast, during sagittal imaging, the phase-shift images pres- 
ent on first-echo images were partly eliminated on second- 
echo images (incomplete even-echo rephasing) (Fig. 2) and 
were not influenced by slice thickness. Increasing TE inde- 
pendently of echo number during sagittal imaging decreased 
even-echo rephasing of phase-shift images on second-echo 
images. 
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Fig. 8.—Effect of TR (pseudogating) on pulsation flow phenomena, axial phantom. Pulsation period 1500 msec, 
pulsation amplitude 10 mm, slice thickness 5 mm, TE 25 msec, two excitations. Spinal cord phantom has been 
removed. Vertical line on all images was artifact resulting from opening in RF enclosure. 

A, TR 1500 msec, equal to pulsation period. No pulsation flow phenomena were observed. 

B, TR 3000 msec, equal to twice pulsation period. No pulsation flow phenomena were observed. 

C, TR 750 msec, equal to one-half pulsation period. Prominent signal loss of pulsatile water within subarachnoid 
space was present, although no phase-shift images were observed. 

D, TR 1450 msec, 50 msec offset from pulsation period. Minimal signal loss was observed. Phase-shift images 
(arrows) were displaced from flow channel by distance equal to about one radius of flow channel. 

E, TR 1400 msec, 100 msec offset from pulsation period. Minimal signal loss persists without change. Phase- 
shift images (arrows) further displaced from flow channel, now by a distance of about one diameter of flow 
channel. 





Fig. 9.—Effect of pseudogating on CSF uniformity and conspicuity of CSF-thecal sac and CSF-spinal cord interfaces on axial phantom images. 
Phantom spinal cord was in place. Pulsation period 1080 msec, pulsation amplitude 10 mm, slice thickness 5 mm, TE 25 msec. 

A, TR about 15 msec less than pulsation period. Convergence of multiple phase-shift images on subarachnoid space resulted in marked nonuniformity 
of signal both within (arrow) and adjacent to flow channel. CSF-thecal sac and CSF-spinal cord interfaces partially obscured. 

B, TR about 8 msec less than two times pulsation period. Further convergence of multiple phase-shift images on subarachnoid space. Note higher 
signal-to-noise ratio that resulted from longer TR. Nonuniformity of signal within subarachnoid space was more pronounced (arrow). CSF-thecal sac and 
CSF-spinal cord interfaces almost completely obscured. 

C, TR about equal to pulsation period. Almost complete convergence of phase-shift images was observed. Signal intensity within subarachnoid space 
was increased and nearly uniform. CSF-thecal sac (open arrow) and CSF-spinal cord (solid arrow) interfaces remain partly obscured because of imperfect 
pseudogating. 


No consistent effect of slice spacing on either signal loss thickness. Slightly increased overall signal intensity of both 
or phase-shift images was demonstrated in the axial plane control and pulsatile water was observed using wider slice 
whether slice spacing was constant, a percentage of slice spacing. Decreasing the field of view caused wraparound of 
thickness, or progressively increased using a constant slice phase-shift images, altering the even spacing observed with 
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a larger field of view. Signal loss and phase-shift images were 
not affected by increasing image resolution from 128 to 256 
phase-encoding increments. 


Discussion 


As shown in part 1 of this article [1], CSF pulsation flow 
phenomena encode physiologic information in normal spines, 
and their absence may signify pathologic conditions associ- 
ated with spinal block. Interpretation of these phenomena on 
clinical spine images is complex because their manifestations 
are influenced by both physiologic and imaging system param- 
eters. A new spine phantom designed to simulate spinal CSF 
pulsation was investigated to determine the etiology of these 
phenomena and to demonstrate the significance of the nu- 
merous parameters. Understanding the theoretic basis for 
spinal CSF pulsation flow effects and the individual parame- 
ters influencing their expression not only facilitates recognition 
of these phenomena, but more importantly it offers control 
over them. These parameters can be manipulated to affect 
the outcome of imaging by either suppressing or enhancing 
pulsation flow phenomena, depending on the goal of imaging. 
The rationale for CSF gating during clinical MR imaging of the 
spine to minimize these phenomena follows directly from 
understanding their etiology. 

The pulsatile motion of spinal CSF represents a special 
case of pulsatile flow in general. CSF pulsation is unique 
because its oscillatory nonpropagating motion leads to actual 
reversal in direction of flow between cardiac systole and 
diastole. Although there are numerous reports dealing with 
continuous and pulsatile propagating flow in the MR literature 
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Fig. 10.—Effect of gating on CSF pulsation 
flow phenomena, axial phantom. Phantom mod- 
ified with control water (straight open arrows) on 
either side of flow channel (curved arrow) con- 
taining pulsatile water. Spinal cord phantom re- 
moved. Pulsation period 1056 msec, pulsation 
amplitude 10 mm, slice thickness 5 mm, TE 25 
msec. 

A, Nongated. TR 1000 msec. Signal loss of 
pulsatile water in reference to control water 
(curved arrow). Multiple discrete phase-shift im- 
ages (solid arrows), equally spaced, decreasing 
signal intensity with greater displacement from 
flow channel. 

B, Gated to pulsatile water within flow chan- 
nel, effective TR about 1056 msec. Signal loss 
and phase-shift images completely eliminated. 
Margins of pulsatile water delineated much bet- 
ter than when pseudogating was used. 


[2-30], the oscillatory nonpropagating motion characterizing 
spinal CSF has not yet been studied quantitatively. The 
mechanisms of spinal CSF pulsation in humans were de- 
scribed in part 1 of this article [1]. Although bulk CSF circu- 
lation within the spinal subarachnoid space is also well rec- 
ognized, its contribution to spinal CSF motion during the 
course of MR imaging is insignificant because CSF formation 
is estimated at only about 0.33 ml/min, most of which circu- 
lates over the cerebral convexities to be absorbed by the 
arachnoid villi [31-34]. 

It has long been recognized that MR signal is influenced by 
proton motion [23-30] and that two mechanisms contribute 
to these flow phenomena: flow of protons through a sample 
or imaging plane (time-of-flight effects) and flow of protons 
within a nonuniform magnetic field (phase-shift effects) [2-4, 
8-10]. The manifestations of flow result from complex inter- 
actions between numerous factors related to flow hydrody- 
namics (direction, velocity, acceleration, pulsatility, turbu- 
lence, lumen geometry, flow profile), and imaging system 
parameters (gating, pulse sequence, TR, TE, imaging plane, 
slice thickness, slice spacing, number of echoes, number of 
excitations, number of slices, field of view). In this article, we 
are concerned with gated and nongated spin-echo 2DFT 
imaging of spinal CSF pulsation that is characterized by 
oscillatory nonpropagating flow. 

Time-of-flight effects result from velocity-dependent alter- 
ations of proton signal intensity caused by transit through an 
imaging volume undergoing repetitive selective excitation 
(90°) and refocusing (180°) RF pulses [3, 4, 8-10]. Increased 
signal intensity (signal gain) is observed when fully magnetized 
protons enter an imaging volume between successive exci- 
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tations and do not leave that volume between excitation and 
refocusing. Decreased signal intensity (signal loss) occurs at 
higher velocities when fully magnetized protons that entered 
the imaging volume between successive excitations leave the 
imaging volume between excitation and refocusing. This oc- 
curs because the selective refocusing pulses necessary for 
multislice imaging cannot rephase protons that leave the 
imaging volume. These flow effects depend on flow velocity, 
flow direction in relation to the imaging plane, slice thickness, 
TR, and TE. When flow is of constant velocity and perpendic- 
ular to an imaging plane, signal gain occurs at low velocities 
determined by the ratio of slice thickness to TR. Signal loss 
occurs at high velocities determined by the ratio of slice 
thickness to TE/2 for first-echo images and the ratio of slice 
thickness to 3TE/2 for second-echo images. The manifesta- 
tions of both low- and high-velocity time-of-flight effects are 
considerably more complex when imaging oscillatory non- 
propagating flow using multislice techniques. This occurs 
because an endless supply of fully magnetized protons is not 
available as with constant-velocity flow. Instead, a limited 
number of protons, which constantly reverse direction, are 
repeatedly excited as determined by TR, TE, slice thickness, 
slice spacing, pulsation amplitude, and pulsation period. How- 
ever, these time-of-flight effects are not the principal mecha- 
nism for the signal loss and phase-shift images characteristic 
of CSF oscillatory nonpropagating flow. 

Phase-shift effects result in phase discrepancies between 
stationary and moving protons in a nonuniform magnetic field 
[2, 3, 8]. Magnetic gradients applied during the imaging 
process are usually the largest contributor to field nonuniform- 
ity responsible for these phase shifts. Most commercial ima- 
gers use linear gradients whose strength and duration are 
symmetric about refocusing pulses (balanced gradients). Un- 
der these conditions, phase shifts within stationary and flow- 
ing protons behave in predictable ways. While stationary 
protons within an imaging gradient change phase linearly with 
time, permiting refocusing at odd and even echoes, the phase 
shift associated with flowing protons within an imaging gra- 
dient is nonlinear with time and dependent on flow character- 
istics including direction, velocity, acceleration, and turbu- 
lence. For example, a quadratic phase shift with time occurs 
in the case of constant velocity flow. In the special case of 
constant velocity flow within an imaging plane, the quadratic 
phase shift results in incomplete rephasing of spins at odd 
echoes but complete rephasing at even echoes (even-echo 
rephasing) [10]. In the special case of constant acceleration 
within an imaging plane, incomplete rephasing of spins occurs 
at both odd and even echoes [2, 3]. 

During application of the imaging gradients, the differential 
precessional phase of a moving proton with respect to a 
stationary proton is described as d®,(t) = y P,(t) Ga dt, where 
d&,(t) = differential precessional phase of moving proton with 
respect to stationary proton; y = magnetogyric ratio; P,(t) = 
time-dependent proton position vector projection on axis n; 
Gn = gradient field magnitude colinear with axis n; and n = 
axis x, y, or z [2, 3, 23]. Assuming pure harmonic motion of 
the time-dependent proton-position vector, P,(t) = An sin (wt), 
where A, = maximum amplitude of proton-position-vector 
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projection on axis n and w = angular frequency of pulsation. 
Combining these equations, d®,(t) = y A, sin (wt) Gn dt. 

Therefore, in the case of spinal CSF pulsation in which 
oscillatory proton motion is approximately colinear with the z 
axis, the phase shift of moving protons with respect to 
stationary protons during a given interval should depend on 
pulsation amplitude (CSF oscillatory excursion), pulsation fre- 
quency (heart rate), and z-axis gradient magnitude. During 
axial imaging, the z-axis imaging gradient (in conjunction with 
RF bandwidth) determines slice thickness during application 
of 90° or 180° RF pulses. The selection of thinner slices 
requires the application of a larger z-axis gradient magnitude. 
During sagittal imaging, the z-axis gradient performs fre- 
quency encoding during readout of the spin-echo signal. The 
other two imaging gradients (Gx, Gy) do not cause velocity- 
dependent phase changes in spinal CSF because proton 
motion is always normal to them. The fact that z-axis gradient 
magnitude varies with slice thickness during axial but not 
sagittal imaging explains the observed effects of slice thick- 
ness on pulsation flow phenomena on axial but not sagittal 
images. 

Phase-shift effects are complex because their manifesta- 
tions depend on numerous spatial and temporal parameters 
related to both the imaging system and the flow characteris- 
tics. Spatial parameters include the hydrodynamic flow profile 
[2] and voxel dimensions. Temporal parameters include the 
pulsation period, TR, and number of spin-echo signals aver- 
aged before phase-encoding incrementation. To understand 
the effect of these parameters on precessional phase, it is 
necessary to distinguish between phase shift and phase 
dispersion. Phase shift is used here to indicate a coherent 
alteration in precessional phase of a group of moving protons 
relative to stationary protons whether they are spatially or 
temporally averaged. Phase dispersion is used to indicate an 
incoherent alteration in precessional phase of a group of 
moving protons relative to stationary protons whether they 
are spatially or temporally averaged. 

Spatial phase shift is used here to refer to a coherent phase 
shift at one point in time that results from the spatial averaging 
of spin-echo signals from a group of protons whose direction, 
velocity, and acceleration within an imaging voxel are equal. 
Temporal phase shift refers to a time-varying spatial phase 
shift that results from changes in proton direction, velocity, 
and/or acceleration between successive nonaveraged exci- 
tations. Spatial phase dispersion refers to an incoherent phase 
shift at one point in time resulting from the spatial averaging 
of spin-echo signals from a group of protons whose hydro- 
dynamic flow profile exhibits a spatial distribution of direction, 
velocity, and/or acceleration within an imaging voxel. This 
commonly occurs at flowing fluid interfaces where shear 
forces establish a velocity gradient within the boundary layer 
[35, 36]. During imaging of pulsatile CSF, various combina- 
tions of spatial phase shift, temporal phase shift, and spatial 
phase dispersion may be observed in different regions of the 
subarachnoid space. 

The relationship between CSF motion (pulsation period) 
and imaging interval (TR) determines which phase-shift effects 
occur. When the TR is an integral multiple of the pulsation 
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period (gating and pseudogating), aliasing simulates constant 
velocity flow because CSF velocity and direction are constant 
each time they are sampled, leading to spatial phase shift and 
Spatial phase dispersion. The manifestations of spatial phase 
dispersion that are unmasked under these circumstances are 
considered elsewhere [35]. When TR is not an integral multi- 
ple of the pulsation period, CSF direction and velocity are 
different during successive excitations, leading to manifesta- 
tions of temporal phase shift. Spatial phase dispersion is 
masked by temporal phase shift under these circumstances. 
Temporal phase-shift effects are directly responsible for CSF 
pulsation flow phenomena (signal loss and phase-shift im- 
ages), although they depend on application of the 2DFT for 
their expression. 

In general, 2DFT (spin-warp) imaging relies on the fact that 
temporal frequency encoding corresponds to the first spatial 
Fourier variable (Kx[t]), whereas successive phase encoding 
of spin-echo signals corresponds to the second spatial Fourier 
variable (Ky[#]). Image reconstruction is performed by suc- 
cessive applications of the discrete Fourier transform to the 
first and then second spatial Fourier variables. Because 
precessional phase is encoded as the second spatial Fourier 
variable, artifacts related to phase shift are always encoded 
along this axis of the spatial Fourier plane. 

Temporal phase shift represents a harmonic modulation of 
proton precessional phase, which occurs during imaging of 
oscillatory nonpropagating flow when TR is not an integral 
multiple of the pulsation period. This influences the outcome 
of the 2DFT according to the Fourier frequency shift theorem 
(Fig. 11). This theorem defines the frequency shift from 
baseband (appearance of sidebands) that occurs from mod- 
ulation in the time domain [37, 38]. In the case of 2DFT 
imaging, because modulation affects the second spatial Four- 
ier variable (Ky[#]), the frequency shift is apparent as a spatial 
displacement along the phase-encoding axis on MR images. 
In the case of CSF pulsation flow phenomena, phase-shift 
images correspond to sidebands, whereas signal loss within 
pulsatile CSF occurs because of frequency shift of signal from 
the baseband. The displacement of phase-shift images from 
the pulsating CSF is a function of the frequency difference 
between the heart rate and TR. The intensity of phase-shift 
images occurs at the expense of pulsating CSF signal and is 
dependent on pulsation amplitude. Gating and pseudogating 
prevent temporal phase shift (harmonic modulation of proton 
precessional phase on successive excitations) so frequency 
shift of signal from the baseband does not occur. 

One important difference between axial and sagittal CSF 
pulsation flow phenomena is the incomplete even-echo re- 
phasing observed on sagittal second-echo images. This oc- 
curs because the time required for spin-echo imaging (exci- 
tation-refocusing-readout) is usually short relative to the CSF 
pulsation period. Even though acceleration and deceleration 
characterize spinal CSF motion, at any time this motion is 
approximated by constant velocity flow provided that the TE 
is not prohibitively long. The phase shift of protons at the time 
of the first echo depends on their velocities while the readout 
gradient is on. Changing proton velocity between successive 
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h(t) H(f ) 


B y(t) = cos (27Tf,t) 








Fig. 11.—Fourier transform frequency-shift theorem. Fourier transform 
pairs: time domain on left and frequency domain on right. 

A, Fourier transform H(f) of real function h(t) is frequency distribution. 
Central peak is known as baseband frequency. 

B, Fourier transform Y(f) of cosine function y(t) is single frequency pair 
(f, —f) determined by frequency of cosine function. 

C, Process of multiplying two harmonic time-domain functions is com- 
monly known as modulation, and result of this on Fourier transform is 
frequency shift from baseband frequency resulting in appearance of 
sidebands on each side of baseband. In this example, product of time 
domain functions h(t) and y(t) is shown on left; corresponding Fourier 
transform is on right. (Modified from [37].) 


excitations Causes a temporal phase shift that is responsible 
for signal loss and phase-shift images on first-echo images. 
However, because of the quadratic phase relationship gov- 
erning constant velocity flow, application of the readout gra- 
dient for the second echo results in rephasing of protons on 
successive excitations, irrespective of their different first-echo 
phases. This rephasing is not perfect because the CSF flow 
only approximates constant velocity flow. The result is a 
relatively constant phase shift on second echoes that sub- 
stantially reduces temporal phase shift, even though velocity 
varies from one excitation to the next. The necessary approx- 
imation of constant velocity flow by pulsatile CSF for even- 
echo rephasing explains the effect of TE on CSF pulsation 
flow phenomena. With increasing TE, the approximation of 
constant velocity flow is reduced because imaging time is 
prolonged in relation to the CSF pulsation period. The signif- 
icance of these observations pertaining to the use of asym- 
metric echo pulse sequences during spinal imaging will be 
described elsewhere [35, 36]. 

The term phase-shift image was chosen to describe the 
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Spatial mismapping of CSF signal intensity because it is 
descriptive of both its etiology and manifestations on MR 
images: The fundamental basis for the phenomenon is related 
to precessional phase shift, whereas the artifact retains sig- 
nificant image detail involving subarachnoid anatomy. The 
“anatomic information” displayed by phase-shift images de- 
pends on uniformly periodic motion. Although varying-fre- 
quency periodic motion within the spinal CSF is capable of 
spatially mismapping signal by the mechanisms just de- 
scribed, the outcome is different. Variations in the frequency 
of motion result in variable frequency shifts after 2DFT that 
are apparent on MR images as variable phase shifts. The 
spatially mismapped signal then appears randomly distributed 
along the phase-encoding axis of the image without the 
morphologic features of the flow channel. 

Although a hydrodynamic model such as the spine phantom 
cannot achieve complete simulation of a complex in vivo 
system, correlative findings between clinical examinations and 
phantom images suggest that it is valid to draw conclusions 
regarding MR imaging of spinal CSF pulsation from the phan- 
tom data. It must be recognized, however, that a number of 
physiologic parameters are not modeled in the phantom, and 
under some circumstances they would alter the manifesta- 
tions of CSF pulsation during clinical imaging. Variations in 
pulsation period in humans secondary to arrhythmias would 
alter the appearance of phase-shift images as already de- 
scribed, although this should be compensated for at least in 
part by CSF gating, depending on the type of arrhythmia. 
Variations in pulsation amplitude that occur during cough, 
hyperventilation, and Valsalva may also influence the appear- 
ance of the pulsation flow phenomena. Although in the phan- 
tom spine it was possible to perform direct CSF gating, in 
humans this is not possible. However, the constant phase 
relationship between cardiac activity and CSF motion permits 
adaptation of indirect monitoring devices (ECG, photopleth- 
ysmograph, or Doppler) to achieve identical results, as we 
have shown elsewhere [36]. 

Manipulation of imaging parameters during clinical exami- 
nations to alter the manifestations of pulsatile flow should 
prove very useful in several circumstances. When anatomic 
detail and optimum S/N ratio is necessary to demonstrate the 
CSF-thecal sac and CSF-spinal cord interfaces on long TR 
pulse sequences, minimizing signal loss and phase-shift im- 
ages may be accomplished using CSF gating. When physio- 
logic information such as CSF pulsation amplitude would be 
useful to evaluate the degree of spinal block, maximizing the 
pulsation flow phenomena may be accomplished by selecting 
a TR that is not an integral multiple of the heart rate and using 
thin sections during axial imaging. The potential for noninva- 
sive quantitation of CSF pulsation amplitude with nongated 
MR imaging is illustrated in this article, although additional 
work is necessary to calibrate the measurements in clinical 
examinations and to establish their clinical significance. Ap- 
plication of these methods to clinical imaging may provide 
more anatomic, pathologic, and physiologic information from 
MR imaging of the spine than is currently available from any 
noninvasive method. 
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MR Imaging of the 
Intraparotid Facial Nerve: 
Normal Anatomy and Pathology 





Three normal volunteers, 58 normal patients, and three patients with parotid tumors 
were studied with a 0.3 T permanent-magnet imaging system to directly image the 
intraparotid facial nerve. On T1-weighted images the nerve appeared as a curvilinear 
structure of relatively low signal intensity within the fatty, high-signal parotid paren- 
chyma. Its major divisions and branches could be imaged only with specially angled 
axial scan planes. To verify our observations MR imaging was compared with whole- 
organ cryomicrotome sections cut at the same angles. Normal variations in the appear- 
ance of the nerve and pitfalls in its visualization are discussed. Three cases of parotid 
tumors, with surgical confirmation of the relationship of the facial nerve to the tumor, 
are presented. MR is the only imaging technique capable of direct imaging of the facial 
nerve in the parotid bed: it may assist materially in the surgical management of tumors 
of the parotid gland. 


The arrangement of the facial nerve within the parotid gland is of major surgical 
concern. Tumors that lie superficial to the facial nerve are generally treated by 
superficial parotidectomy. If a tumor is deep to the facial nerve, the management 
is changed from superficial to total parotidectomy. In each case the surgeon must 
identify the branches of the facial nerve in order to preserve its function and to 
develop a plane of dissection [1, 2]. 

Although the nerve itself is not seen on CT scans, CT sialography can delineate 
the same anatomic landmarks that are used to isolate the nerve at surgery [3, 4]. 
The variability of these landmarks and the difficulty in seeing them at different 
levels, however, limits the usefulness of this method [5]. MR imaging with surface 
receiver coils produces images with contrast resolution superior to CT and with 
comparable spatial resolution. We have recently used MR to directly image the 
intraparotid facial nerve. 


Materials and Methods 
Technique 


All scans were performed on a 0.3 T permanent-magnet imaging system (Fonar 
B-3000) using either a 14-cm surface coil or a 24-cm-bore head receiver coil. 
Images were acquired using a multislice 2DFT rapid spin-echo (SE) technique with 
an echo time (TE) of 28 msec and a repetition time (TR) of 500 msec. Usually, four 
excitations in a 256 x 256 matrix for each image were used with a section thickness 
of 4 mm and 7-mm separations from center-to-center slice. Other images were 
similarly acquired on a 512 x 512 matrix. This high-resolution technique decreased 
the pixel size from 0.75 x 0.75 mm? to 0.5 x 0.5 mm*. Seven simultaneous 
sections were obtained in each sequence with a total imaging time of 8.5 min (256 
x 256 matrix) or 12.8 min (512 x 512 matrix). 

Three normal volunteers were scanned to determine the optimal scanning 
protocol for visualizing the trunk and major branches of the facial nerve. Multislice 
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scanning was performed in sagittal, coronal, and axial planes 
so that the relation of normal structures could be verified in 
various projections. Initial images were frequently used as 
“scouts” so that precise scan-plane localization could be 
performed to identify small anatomic structures. For each 
plane a second sequence was conducted when needed to 


provide slightly overlapping sections and to demonstrate the 


planes of tissue between levels. 

Several angled axial planes were studied to determine the 
best view of the main divisions of the facial nerve. First, a 
seven-slice sagittal “scout” scan was obtained through the 
parotid gland, including the orbit and temporal bone. Using 
the axial plane formed by drawing a line through the inferior 
margin of the anterior portion of the orbit and the external 
auditory meatus as the reference (0°) and the external audi- 
tory meatus as the fulcrum, axial scans angled from 30° 
(cephalad) to —60° (caudal) were studied in 5° intervals (see 
Figs. 3 and 4). Those axial scanning angles that best showed 
the nerve were compared with whole-organ cryomicrotome 
sections cut at the same angle. 

Whole-organ sections were obtained from two cadavers 
using a cryomicrotome freezing-sectioning technique previ- 
ously described by Rauschning et al. [6]. Cadaver specimens 
were first prepared by arterial injection of pigmented barium 
compound to permit identification of arteries and veins. A 
block of the head including the temporal bone and parotid 
gland was frozen to —20° C. Using the cryomicrotome (LKB 
Instruments), these nondecalcified specimens were shaved 
at 10-um increments and photographed every 0.5 mm. Pho- 
tographs of representative gross sections were then com- 
pared with the respective normal MR sections. 


Material 


In the past 112 years 58 patients with normal parotid glands 
were scanned in sagittal, axial, and coronal sections. Most of 
the normal examinations were conducted for temporal-bone 
imaging as part of a work-up for hearing loss or tinnitus. We 
reviewed these 58 scans, noting the angle of the axial scans 
relative to the orbital-meatal line. Axial scans that were inci- 
dentally taken at the angle we determined was best for 
imaging the major divisions of the nerve were reviewed, and 
variations in the direction and configuration of the facial nerve 
were noted. Although the subject of a separate report, three 
illustrative cases of parotid tumors, with surgical confirmation 
of the relationship of the nerve to the tumor, are presented. 


Results 


Normal Anatomy 


The facial nerve enters the parotid gland immediately upon 
leaving the stylomastoid foramen. it passes in front of the 
posterior belly of the digastric muscle and lateral to the styloid 
process, the external carotid artery, and the posterior facial 
vein. When the nerve reaches. the posterior border of the 
ramus of the mandible, it divides into its two main, temporo- 
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facial and cervicofacial, branches. The main branches anas- 
tomose as the pes anserinus and then further divide into 
temporal, zygomatic, buccal, mandibular, and cervical 
branches (Fig. 1). Rami of these branches anastomose vari- 
ably within the substance of the parotid. Within the parotid 
the nerve and its branches run in a single plane, following an 
arciform course that is concave upward and medially. This 
plane separates the superficial and deep lobes of the parotid 
[5, 7]. 

From its exit through the stylomastoid foramen, the main 
trunk of the facial nerve is best seen in the sagittal plane. On 
T1-weighted images the nerve appears as an intermediate- 
intensity structure within the high-signal, relatively fatty, glan- 
dular substance of the parotid (Fig. 2). On select sagittal 
images the bifurcation of the main nerve trunk into the cervi- 
cofacial and temporofacial branches can be seen. Occasion- 
ally, a bright area of fat is seen enveloping the nerve in the 
stylomastoid foramen and the descending facial canal. 

The major branches of the nerve are best visualized with 
selected angled axial images. Using a scanning plane angled 
—35° (plus or minus 5°) caudal to the orbital-meatal line, the 
main trunk of the nerve, its cervicofacial division, and its more 
peripheral branches could be seen through the length of the 
parotid gland (Fig. 3). On most scans only segments of the 
nerve could be identified on individual slices, requiring two to 
three slices to visualize-the entire intraparotid‘ portion of the 
nerve. Not infrequently, however, the entire nerve was visu- 
alized on a single slice. By angling 15° (plus or minus 5°) 
cephalad to the orbital-meatal line, the temporofacial division 
and its branches could be seen (Fig. 4). 

On caudally angled axial scans the nerve takes a charac- 
teristic course from the stylomastoid foramen through the 
parotid gland. After exiting the stylomastoid foramen it 
courses inferiorly and slightly laterally for 3-5 mm, then turns 
more acutely laterally to pass above and in front of the 
posterior belly of the digastric muscle. It then turns anteriorly, 
creating a smooth, medially concave arch that nearly bisects 
the parotid gland. The nerve thus takes the form of an 
intermediate-intensity, gently shaped “S” structure within the 
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Fig. 1.—Diagram of facial nerve within parotid gland. (Redrawn from 


[1].) 
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Fig. 2.—Sagittal sections of temporal bone and parotid gland. 

A, Cadaver section shows facial nerve (arrowhead) in descending facial canal and main trunk of nerve (open arrow) exiting stylomastoid foramen. 

B, Sagittal image using SE technique, 28 msec TE and 500 msec TR, shows main trunk of facial nerve (curved arrow) exiting stylomastoid foramen. 
Upper, temporofacial division (straight arrow) of nerve is also seen. 

C, Sagittal slice 2 mm lateral to that in B shows to better advantage the bifurcation of the main trunk into its temporofacial (straight arrow) and 
cervicofacial (curved arrow) divisions. Precise, calculated slice placement is frequently necessary to visualize the nerve. 


higher-intensity parotid gland. On cephalad-angled scans the 
main trunk is imaged in cross section rather than longitudi- 
nally; thus the proximal portion of the “S” is not well seen on 
these scans. The medially concave distal arch, respresenting 
the temporofacial division in this case, is well depicted. 


Normal Variations and Pitfalls 


Eight of 58 normal parotid scans obtained in the past 112 
years incidentally included axial images taken —30° to —40° 
caudal to the orbital-meatal line. Similarly, six of the 58 scans 
included images taken 10-20° cephalad of the orbital-meatal 
line. Of these 14 scans, nine showed the entire intraparotid 
facial nerve while two caudally angled scans showed only a 
portion of the cervicofacial division. Three caudally angled 
scans showed no part of the nerve. Most scans (six of nine 
cases) showed sections of the nerve on individual Slices, 
requiring two to three 4-mm-thick slices to image the entire 
nerve. Not infrequently (three of nine cases), the entire nerve 
was seen on a single slice. Thus, in 11 of 14 cases (79%) 
using the appropriately angled axial scanning planes, major 
portions of the nerve could be visualized. 

In these 11 normal patients several variations in the normal 
appearance and course of the nerve were observed. Although 
the nerve is most frequently visualized as a smooth-surfaced, 
“S”-shaped structure, occasionally the more proximal portion 
of the nerve takes a straighter, more lateral course from the 
stylomastoid foramen, or the distal medially concave bend of 
the nerve takes a more acute turn around the ramus of the 
mandible. Similarly, the most distal portion of the nerve may 
appear straight rather than curvilinear. The nerve occasionally 
has small bulges on its surface, probably depicting points of 
branching or anastamoses, or small penetrating veins abutting 


its surface (Fig. 3). Occasionally (three of 11 cases), the 
smaller branches of the nerve can be seen, especially the 
postauricular branch coursing posterior to the mastoid tip 
(Fig. 3B). Abrupt “kinks” may be seen anywhere along the 
course of the nerve. 

Within the parotid gland the facial nerve must be distin- 
guished from other anatomic structures and scanning arti- 
facts. On many scans branches of the retromandibular vein 
can be seen penetrating the substance of the parotid and 
coursing in a medially concave arch, not unlike the facial nerve 
(Fig. 5A). These penetrating branches can be distinguished 
from the nerve in the following respects: (1) the veins are 
always medial to the normal, midline position of the nerve (the 
nerve is frequently seen coursing laterally and parallel to the 
branches of the vein); (2) they are of slightly lower signal 
intensity than the nerve secondary to flowing blood; and (3) 
they can be seen uniting with the retromandibular vein. The 
—35° caudally angled scan is particularly useful as this angle 
shows the main trunk of the nerve exiting the stylomastoid 
foramen. One can be assured that a structure in the distal 
substance of the parotid is the facial nerve if it can be traced 
back to the stylomastoid foramen. Similarly, small branches 
of the internal maxillary artery may simulate the appearance 
of the nerve on sagittal scans. Identifying the nerve exiting 
the stylomastoid foramen eliminates any confusion. 

Truncation artifacts may also simulate the nerve by produc- 
ing a low signal line adjacent to borders or tissue discontinu- 
ities. The truncation of the infinite Fourier series necessary to 
encode edges to the 128 to 512 terms produces the artifact 
[8]. In axial images of the parotid, the tissue discontinuity 
formed between the very high-signal superficial fascia and the 
lower-intensity parotid parenchyma allows for the formation 
of the artifact in the frequency encoding X axis (Fig. 5B). 
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Fig. 3.—Caudally angled axial scan. 

A, Scout image shows positioning of slices —35° (caudal) to orbital-meatal line. 

B, Resulting 4-mm-thick slice shows entire length of curvilinear intraparotid facial nerve (arrowheads). Postauricular branch (arrow) of nerve is 
occasionally seen. 

C-E, Corresponding cadaver sections cut at same angle show sections of facial nerve (arrows) coursing lateral to retromandibular vein (open 


arrowhead). This projection shows to best advantage the main trunk and cervicofacial division. Parotid duct (curved arrow) is sometimes not seen on T1- 
weighted images. 


Fig. 4—Cephalad-angled axial scan. 

A, Scout image shows positioning of slices 
15° (cephalad) to orbital meatal line. 

B, Resulting image shows temporofacial divi- 
sion (arrows) of nerve. Main trunk is not well 
visualized in this projection. 
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Unlike the facial nerve, these lines are absolutely parallel to 
the outermost edge of the parotid and continue through the 
parotid into muscles of the face. Several parallel artifactual 
lines may be seen at regular intervals through the gland. 
Again, in doubtful situations, the nerve may be traced from 
the stylomastoid foramen. 


Parotid Tumors: Case Reports 


Case 1: A 43-year-old man presented with a 3-month 
history of a lump on the right side of his jaw. An MR scan 
revealed a high-signal mass in the superficial lobe of the 
parotid gland (Fig. 6A). The main trunk and a segment of the 
cervicofacial division of the facial nerve were seen deep to 
the tumor. The postauricular branch of the nerve was seen 
interfacing with the superior aspect of the mass (Fig. 6B). At 
surgery, the facial nerve was found deep to the tumor, con- 
firming the MR scan. The postauricular branch, although 
uninvolved by the benign tumor, was directly abutting it. The 


Fig. 5.—Pitfalls. 

A, Branch (arrows) of retromandibular vein 
simulating medial-concave arch of facial nerve. 

B, Truncation artifacts (arrows) simulating fa- 
cial nerve. 


Fig. 6.—Case 1. 

A, Lipoma (open arrow) of superficial lobe. 

B, Cut 7 mm superior to A shows facial nerve 
(straight arrows) coursing superomedially to tu- 
mor. Postauricular branch (curved arrow) of 
nerve abuts superior aspect of tumor (open ar- 
row). 
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surgeons proceeded with a superficial parotidectomy, con- 
firming the MR observations. Pathology showed the mass to 
be a lipoma. 

Case 2: A 39-year-old woman presented with a 6-week 
history of a progressively enlarging mass on the left side of 
her face. An MR scan showed a large, intermediate-intensity 
lesion in the deep lobe of the parotid gland. The cervicofacial 
branch of the facial nerve was observed to course laterally to 
the mass (Fig. 7). The surgeons proceeded with a total 
parotidectomy, where the facial nerve was found as described 
by the MR study. Pathology revealed a pleomorphic adenoma. 

Case 3: A 54-year-old man presented with a 9-week 
history of a progressively enlarging mass on the right side of 
his jaw. An MR scan revealed a large, intermediate- to low- 
signal lesion in the deep lobe of the parotid. The cervicofacial 
division of the facial nerve was seen displaced laterally (Fig. 
8). During total parotidectomy, the facial nerve was dissected 
in the same plane described by the MR study. It was unin- 
volved by what pathology showed to be a cystic pleomorphic 
adenoma. 
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Discussion 


The relationship of parotid tumors to the facial nerve, which 
courses through and divides within the parotid gland, is of 
surgical significance. Determining the relationship of parotid- 
gland tumors to the facial nerve is of value in planning the 
Surgical approach. Malignant tumors that are in close relation 
to the facial nerve may require excision of part of the facial 
nerve trunk and subsequent microsurgical repair [1, 2]. Ac- 
cess for large, deep lesions may need to be improved by 
division and reflection of the ramus of the mandible [1]. 

We have shown that MR can directly image the facial nerve 
within the substance of the parotid. Axial scans, angled 
appropriately to the orbital-meatal line, were best suited for 
imaging the main trunk and major divisions of the nerve. 
Scans angled —30° to —40° caudal to the orbital-meatal line 
showed the trunk, cervicofacial division, and its distal 
branches through the entire substance of the parotid, often 
on a single slice. The nerve had a variable, yet characteristic 
“S"-shaped appearance within the parotid on these scans. 
Similarly, scans angled 10-20° cephalad best showed the 
temporofacial branch and its major divisions; however, it did 
not show the trunk. The caudal scanning angle was the most 
useful, as the nerve could be seen exiting the stylomastoid 
foramen; therefore, it could be reliably distinguished from 
branches of the retromandibular vein and from truncation 
artifacts simulating the appearance of the nerve. 

In patients with tumors of the parotid, the relationship of 
the tumor to the nerve was consistently visualized on angled 
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Fig. 7.—Case 2. Pleomorphic adenoma (ar- 
rows) in deep lobe of parotid. Facial nerve (ar- 
rowhead) is seen lateral to mass. 


Fig. 8.—Case 3. Facial nerve (arrowheads) 
displaced directly laterally by a large, cystic 
pleomorphic adenoma (open arrow) of the deep 
lobe. 


axial scans. Small mass lesions were easily seen to be 
superficial or deep to the facial nerve. When the mass signif- 
icantly distorted the normal parotid architecture, making it 
difficult to determine whether a tumor had Originated in the 
superficial or deep lobe, MR showed the facial nerve displaced 
by the tumor. Thus, the site of origin could be inferred and 
the relationship of the displaced nerve to the tumor deter- 
mined, which greatly assisted surgical planning. MR is the 
first imaging technique to allow direct visualization of the 
intraparotid facial nerve, and it may assist materially in the 
surgical management of tumors of the parotid gland. 
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Artifacts Caused by 
Cosmetics in MR Imaging of 
the Head 





Cosmetics can produce severe distortion of the orbital contents in MR imaging. This 
distortion, typical of compounds that exhibit a permanent magnetic moment, results 
from iron oxide in the pigments used to produce dark shades of makeup. In general, the 
artifact created by cosmetics does not interfere with interpreting routine head scans. 
However, if the orbital contents are the subject of clinical concern, the images may then 
be rendered nondiagnostic. The artifact created by the makeup is propagated along the 
frequency-encoding axis of the images. 


Severe distortion of the anterior aspect of both orbits was noted in a patient 
recently examined at our MR imaging facility. Inspection of the patient to determine 
the cause of the artifact revealed eye makeup as the only possible source. This 
artifact has been observed by others, as well [1, 2]. We tested eye makeup to 
determine whether this artifact was related to mascara, eyeliner, or eyeshadow, 
and whether it was related to particular brands. We also studied the ingredients of 
the eye makeup to find a common denominator that might be responsible for the 
artifact, and then we tested that ingredient to see whether the artifact was 
duplicated. Finally, the artifact itself was analyzed to determine its origin, and thus, 
by inference, to allow identification of foreign material on a patient from the artifact 
in the MR image. 


Materials and Methods 


We tested various brands of eye shadow, mascara, and eyeliner: Cover Girl (Noxell Corp., 
Baltimore, MD); Clinique Labs. (New York, NY); Maybelline (North Little Rock AR); and 
Artmatic (Brooklyn, NY). All images were obtained with a 0.5-T superconducting MR imager, 
using a receiver head coil with a 30-cm diameter (Picker International, Highland Heights, OH). 
Transverse sections (1-cm) were obtained through the area of makeup applied on a volunteer. 
A spin-echo pulse technique, with repetition times of 400 and 500 msec and an echo-delay 
time (TE) of 40 msec with 256 views and two excitations, was used to test the makeup as 
well as the iron-oxide-containing pigment. A gradient of 1 mT/m was used for the 30-cm 
field-of-view images and a 0.67 mT/m for the 45-cm field-of-view images. A multiecho pulse 
sequence, with a TR of 2000 msec and a TE of 40 msec and 80 msec, was used for one set 
of images obtained with eyeliner applied to the volunteer's forehead. Two-dimensional Fourier 
transform magnitude reconstruction was used. 

Thin (5-mm-wide) bands of makeup were applied to the volunteer's forehead as vertical 
stripes, one in the midline and two others parallel with it, from eyebrow to hairline. Three sets 
of images were obtained. In the first set, Clinique mascara, eyeshadow, and eyeliner were 
applied to the volunteer's forehead (Fig. 1). The second and third set of images were obtained 
with three different brands of eyeliner (Cover Girl, Clinique, and Maybelline) and three different 
brands of mascara (Clinique, Maybelline, and Artmatic), respectively (Figs. 2 and 3). 

A second series of images was then obtained with makeup applied to the volunteer's left 
eye to simulate the clinical situation. For the first image, mascara was applied to the 
volunteer’s eyelashes (Fig. 4). For the second image, eyeliner was applied over the entire 
free surface of the superior eyelid, not at the eyelash margin as would normally be the case 
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Fig. 1.—Comparison of mascara (M), eye- 
shadow (S) and eyeliner (L). All samples from 
the same manufacturer (Clinique) applied to the 
forehead as cranial-caudad stripes. Direction of 
frequency-encoding gradient indicated by open 
arrow. Distortion produced by mascara and eye- 
liner but not by eyeshadow. Distortion consists 
of area devoid of signal, bounded along one 
border by a bright band. 


Maybelline 


gradient. 





(Fig. 5). In each case, the contralateral (right) eye was left unmarked 
as a control. 

A final study was then obtained by using a dark pigment that 
contained iron oxide (Fe304), commonly found in cosmetics (Janet 
Thompson, Bonnie Bell, Lakewood, OH, personal communication). 
We applied a single stripe of the pigment to the forehead of a 
volunteer and then scanned with a spin-echo technique with a TR of 
400 msec and TE of 40 msec. The direction of the phase and 
frequency-encoding gradient was varied, as well, to analyze the effect 
of the gradient direction on the direction of the artifact propagation 
(Figs. 6 and 7). 


Results 


Table 1 presents a summary of our results. The eyeshadow 
produced no visible distortion of the image. Both the eyeliner 


Fig. 2.—Comparison of three brands of eyelin- 
er. All three brands—Clinique (C), Cover Girl (CG), 
(M)—produced 
graded 1+. See text for grading system. Open 
arrow indicates direction of frequency-encoding 


Fig. 3.—Comparison of three brands of mas- 
cara. Most severe artifact produced by Clinique 
(C). Least distortion is produced by Maybelline 
(M). Artmatic (A) is intermediate. Open arrow 
indicates direction of frequency-encoding gra- 
dient. 


similar artifacts, 


Fig. 4.—Right eye control; left 
eye Clinique mascara, applied to 
eyelashes. Section is taken 
through level of optic nerves. Se- 
vere distortion and flattening of 
anterior aspect of left globe. Note 
intense transverse band project- 
ing over center of globe (arrows). 
Contiguous slices cephalad and 
caudad did not show image dis- 
tortion. (See discussion for mech- 
anism of artifact production). 
Open arrow indicates direction of 
frequency-encoding gradient. 


Fig. 5.—Right eye control; left 
eye Clinique eyeliner, applied to 
upper eyelid. Note artifact with 
simultaneous outward distortion 
of the anterior surface of the eye- 
lid (arrowheads) and posterior 
displacement of the anterior or- 
bital contents (arrow). Open ar- 
row indicates direction of fre- 
quency-encoding gradient. 


TABLE 1: Artifact Production by Various Cosmetics 
LS SS a ae ee ee ee -  eee : 








Brand Mascara Eyeliner Eyeshadow 
Clinique 2+/3+ 1+/2+ 0 
Maybelline 1+ 1+ NT 
Artmatic 1+ NT NT 
Cover Girl NT 1+ NT 


Note.—NT = Not tested. 0 = no artifact; 1+ = minimal artifact with only 
loss of fine detail; 2+ = moderate artifact with some image distortion; 3+ = 
severe artifact with extensive image distortion involving large area. 


and mascara consistently produced at least a small area of 
distortion of the image (Figs. 2 and 3). The Clinique mascara 
produced moderate to severe artifact on all images. When 
applied directly to the eyelashes, the mascara produced se- 
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Fig. 6.—Black pigment containing Fe,0, ap- 
plied to forehead of volunteer. Scan obtained by 
using horizontal phase encoding. Severe artifact 
with propagation predominantly in direction of 
frequency-encoding gradient. 


Fig. 7.—Same pigment and subject as in Fig. 
6, with vertical phase encoding. Artifact again 
propagated mainly in direction of frequency-en- 
coding gradient. 


vere artifact on the skin through the level of the eyelashes 
(Fig. 4) and only minimal artifact at the immediate adjacent 
slices. The eyeliner applied to the eyelid produced minimal to 
moderate artifact (Fig. 5). 

The artifact consisted of a complete loss of anatomic detail 
adjacent to the makeup, in severe cases extending approxi- 
mately 1 cm into the adjacent tissues. The distortion consists 
of an area of absent or decreased signal intensity replacing 
the normal anatomy. The distortion was centered over the 
applied band of makeup. On the images on which the phase- 
encoding direction was varied (Figs. 6 and 7), propagation of 
the artifact was in the frequency-encoding direction. In addi- 
tion, an arc of increased signal intensity often appeared along 
part of the border of the distortion (Figs. 6 and 7). 

When only the iron-oxide-containing pigment was tested, 
severe artifact was associated with the applied strip of pig- 
ment, similar to that seen with the mascara and eyeliner, 
except much more intense. As the pigment has a greater 
concentration of iron than the makeup, it appears that the 
amount of iron in a given area directly correlates with the 
amount of artifact. 


Discussion 


We had noted marked distortion of the orbital contents of 
one of our patients who was wearing eye makeup during the 
examination. A qualitative study was performed to analyze 
the artifact and determine which component of the eye 
makeup might be responsible. A secondary goal was to 
determine whether the artifact was limited to a particular 
brand of makeup. The results of our study show that notice- 
able image distortion is produced by mascara and eyeliner, 
but not by eyeshadow. All brands of mascara and eyeliner 
we tested produced image distortion. The degree of distortion 
is greater for certain brands of eye makeup, namely Clinique, 
and is related partly to iron-oxide—containing pigments that 
give mascara and eyeliner their typical dark color. The eye- 
shadow tested, a lighter shade, may not contain this pigment 
and, hence, does not produce the artifact. Specifically, the 
pigment used to give makeup a black color contains Fe30,; 
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other pigments used in makeup are Fe2Os (red) and FeO-H20 
(yellow) (Mariana Leon, H. Kohn Stammand Co., New York, 
NY, personal communication). 

The image distortion produced by the test materials is 
identical with that in our original subject and is typical [3-5] 
of compounds with magnetic susceptibility significantly differ- 
ent from adjacent tissues. Magnetic susceptibility is a quantity 
that characterizes the extent to which an applied external 
magnetic field can be modified by the presence of matter. 

Diamagnetic and paramagnetic substances have only a 
small effect on the field (Several parts per million). Hence, they 
result in a small effect on the image when a sufficient gradient 
is applied. Diamagnetic effects are usually about 10° times 
weaker than paramagnetic effects. The effect of a ferromag- 
netic substance is normally 10° to 10° stronger than that of 
paramagnetic substances. 

The magnetic susceptibility, as mentioned above, is the 
quantity that dictates how strong the local magnetic field will 
be in the presence of an applied external magnetic field. The 
strength of the local magnetic field is given by the equation: 
B = (H + 4) X M = (H + 4) X (XmH) = H [(1 + 4) X Xm] = Hy, 
where B = the magnetic-induction vector, which is the value 
of the magnetic field, and is the sum of the applied external 
magnetic field and the induced field. H = magnetic-field vector, 
which is the value of the applied external magnetic field. M = 
the vector magnetization, which is equal to X,,H, which is the 
local magnetic field induced by H. Xm = the magnetic suscep- 
tibility, which is a measure of the extent to which an additional 
local magnetic field, over and above the applied external 
magnetic field, can be induced. „u = the magnetic permeability 
equal to (1 + 4) X Xm, and is hence simply the ratio of the 
induced to the applied magnetic field, depending only on the 
value of the magnetic susceptibility. 

The value of the magnetic susceptibility is about 10° for 
substances with a permanent magnetic dipole moment. Fer- 
romagnetism is frequently exhibited by the transition elements 
Fe, Co, and Ni; by the rare earths, Gd, Tb, Dy, Ho, Er, and 
Tm; and by a variety of alloys and compounds involving the 
transition, rare earth, and actinide elements. For example, the 
iron oxides FeO and FezO3 have magnetic susceptibilities of 
+7200 and +3586, respectively. 
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The artifact produced by these ferromagnetic compounds 
is the result of the local field inhomogeneity produced by the 
magnetic field induced in the compound. For an image to be 
an accurate geometric representation of a sample, the lines 
of magnetic flux of the static field must be parallel and equally 
spaced. Ideally, an image is constructed through the process 
of one-to-one mapping of voxels into their corresponding 
pixels. Each pixel is characterized by its unique location and 
signal intensity. A distortion of the flux line will cause mis- 
registration in the voxel-to-pixel mapping. Since the reso- 
nance frequency is proportional to the local field strength, 
changes in the field strength above the static and gradient 
fields will cause misregistration of the frequency information. 
Hence, even though the field changes are two-dimensional, 
any misregistration along a given line parallel to the frequency- 
encoding direction in the image occurs in the frequency- 
encoding direction. Of course, this distortion appears as far 
out in the phase direction as in direction of time-frequency 
gradient. So although a large region may actually be affected, 
geometric distortion of information at any given line parallel 
to the frequency-encoding direction (at a given point in the 
phase direction) will be mapped to another point along that 
same fine. The presence of small concentrations of a sub- 
stance with a high magnetic susceptibility could cause ob- 
servable effects and result in the image produced being an 
inaccurate geometric representation of the sample, with an 
abnormal signal intensity in the region of the magnetic-field 
distortion due to more or less than 1 voxel being mapped into 
a given pixel, or more likely, being mapped outside the pixel 
range displayed on the final image. For changes of several 
parts per million or greater, slice definition will also be affected. 

When a ferromagnetic substance is adjacent to a nonfer- 
romagnetic sample, the lines of flux will be concentrated in 


Fig. 8.—Geometric (field) distor- 
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the ferromagnetic material. There will be rarefaction of the 
lines of flux through the adjacent nonmagnetic material (Fig. 
8) that result in apparent stretching of an object in the region 
of the increased field gradient with a resultant decrease in its 
intensity. Conversely, the object would get mapped to a point 
with a resultant increase in intensity where the field gradient 
is decreased (Fig. 8C). Obviously, the effect of the induced 
field gradient is more severe as the gradient in the frequency- 
encoding direction is decreased. As demonstrated and ex- 
pected, the artifact is propagated along the direction of the 
frequency-encoding gradient because these areas of local 
field inhomogeneity have no effect on the phase-encoding 
information. The degree of image distortion will increase with 
increasing magnetic-field strength because the induced mag- 
netic field within a ferromagnetic substance is directly propor- 
tional to the magnetic field within which it is immersed. At a 
fixed field, the changes in magnetic-field gradient will increase 


-as the amount of material increases, causing more severe 


distortion. Consequently, all traces of mascara and eyeliner 
must be thoroughly removed from the eyelids and eyelashes 
on any patients undergoing MR examinations when the struc- 
tures of clinical concern relate to the orbit and its contents. 


Conclusions 


We have identified an artifact in which the image of the 
orbital contents is significantly distorted and confirmed that 
the distortion is caused by mascara and eyeliner more than 
by eyeshadow. The distortion is not limited to particular 
brands of these cosmetics and is typical of those produced 
from compounds containing ferromagnetic material. The arti- 
fact produced by makeup does not interfere with the interpre- 
tation of routine head scans. However, when the orbit is the 
region of clinical interest, eye makeup may produce enough 
distortion to render the images nondiagnostic. 
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Intraoperative Sonography in 
Spinal Dysraphism and 
Syringohydromyelia 





The use of intraoperative sonography was analyzed in 24 patients with spinal dys- 
raphism and syringohydromyelia in order to determine the role of real-time sonography 
in the surgical management of these patients. Specific diagnoses included tethered 
cord (nine), syringohydromyelia (seven), congenital tumor unassociated with a tethered 
cord (four), diastematomyelia (three), and occult sacral meningocele (one). Intraopera- 
tive sonography determined the exact relationship of congenital tumors to the cord 
before opening the dura, which allowed a more precise approach to the mass. Intra- 
operative sonography identified the lower end of the syrinx cavities, which allowed 
optimal catheter placement. Fibroglial scar tissue, which may compartmentalize these 
syrinx cavities, was clearly shown, and the efficacy of shunt catheter placement was 
immediately determined. In diastematomyelia, intraoperative sonography identified the 
relationship of the hemicords to bony, cartilaginous, and/or fibrous septa and demon- 
strated the effect on the tethered hemicords of (1) removing these septa and (2) 
constructing a single dural sac from the two dural sacs that had enclosed the hemicords. 
Since significant surgical decisions are based on these sonographic observations, the 
authors urge widespread use of intraoperative sonography in patients with spinal 
dysraphism and syringohydromyelia. 


Surgical procedures undertaken to treat dysraphic states may be difficult to 
perform because several complex anomalies often occur together and because 
long segments of the spine may be involved. Since the clinical outcome depends 
on the proper identification, localization, and correction of all such abnormalities, it 
is desirable to image the spinal canal and its contents during surgery. Portable 
real-time sonography permits the surgeon to monitor the progress of surgery, to 
extend his procedure as the disease dictates, and to ensure as complete a 
correction as possible before closure. 

In this report, we use spinal dysraphism to include all those congenital spine 
abnormalities in which there is a disorder of midline fusion of mesenchymal, bony, 
and neural structures [1, 2], such as diastematomyelia, congenital intraspinal 
masses, tethered cord, and occult sacral meningocele. We review our experience 
with these abnormalities and with syringohydromyelia in order to demonstrate the 
great impact intraoperative sonography can have on the surgical management of 
these disorders. 


Subjects and Methods 


Twenty-four consecutive patients, with the exception of those with myelomeningoceles, 
who had surgery for spinal dysraphism or syringohydromyelia were evaluated during surgery 
with real-time sonography. There were nine patients with spinal cords tethered by lipomas 
(six), epidermoid tumors (one), dermoids (one), and teratomas (one). Four patients had 
congenital tumors not associated with cord tethering, including two hamartomas, one der- 
moid, and one subpial lipoma. Seven patients had syringohydromyelia. Three had diastema- 
tomyelia and one had an intrasacral meningocele. Sonography did not prove to be useful in 
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evaluating neonates who were undergoing repair of myelomeningo- 
celes, since in these patients the anatomic relationships under in- 
spection are obvious to the surgeon. Therefore, no patients with 
myelomeningoceles are included in this report. 

Real-time sonography was performed with either an ATL Neuro- 
Sector scanner (19 cases) or an Acuson 128 computed sonography 
unit (five cases). Techniques for using this equipment during spinal 
surgery and the sonographic features of the normal spinal cord and 
spinal canal have been published [3, 4]. Briefly, a laminectomy is 
performed and sterile saline is then poured into the surgical wound 
to create a fluid pathway for transmission of sound. A 5.0- or 7.5- 
MHz transducer is placed into this fluid bath and baseline longitudinal 
and transverse images are obtained. At appropriate intervals there- 
after, the surgical procedure is monitored by sonography and the 
resultant images are compared with the baseline sonograms to 
assess the progress of the operation. After closure of the dura, a 
closing sonogram allows final assessment of the surgical field to rule 
out a hematoma and to confirm the intended result of the procedure. 


Results 


Regardless of the type of lesion, the initial intraoperative 
sonogram demonstrated whether or not the laminectomy was 
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performed at the proper level, whether the Surgical exposure 
was adequate, and whether the preoperative diagnosis was 
correct and/or complete. 

In patients with tethered spinal cords, sonography showed 
the relationship of the tethering mass to the low-lying cord 
(Figs. 1-4); the plane of demarcation between the tumor and 
normal cord tissue (Figs. 1-3); the presence or absence of 
gross tumor involvement of the cord (Figs. 1-3); the size, 
number, and extent of intradural and extradural tumors (Fig. 
5); and the results of total or partial tumor removal (Fig. 1). 
Sonography documented lipomatous involvement of the filum 
terminale (Fig. 4) and the effect of sectioning the filum. 

In cases of congenital tumors not associated with cord 
tethering (Fig. 6), sonography showed the relationship be- 
tween the cord and the mass. The echogenicity of the con- 
genital tumors varied. Many of the lipomas were more echo- 
genic than normal spinal cord tissue, but their specific ap- 
pearances varied. The other solid tumors were also more 
echogenic than normal spinal cord. One dermoid tumor with 
calcification exhibited areas of bright reflectivity [3]. No at- 
tempt was made to correlate the exact histology of the tumor 
with specific sonographic characteristics. 


Fig. 1.—Tethered cord with lipoma. Lumbar 
metrizamide CT scan (A) oriented to conform to 
transverse sonogram (B) shows lipoma (L) 
nearly encircling flattened and tethered spinal 
cord (solid arrow). At surgery, transverse (B) 
and longitudinal (C) sonograms show lipoma 
dorsal and ventral to thinned spinal cord (open 
arrows). After untethering of cord and subtotal 
removal of dorsal part of lipoma, final sonogram 
(D) shows residual lipomatous tissue (upper L}; 
no change in ventral lipoma (lower L), and 
thinned cord (open arrow). In C and D, spinal 
cord (between solid arrows) cephalad to lipoma 
appeared normal sonographically. The surgeon 
decided to resect just the dorsal component of 
the lipoma for fear that further cord manipulation 
would induce neurologic deficits. 
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Fig. 2.—Tethered cord with lipoma. Patient 
with previous surgery for sacral lipoma. 

A, Myelogram shows tethered cord (solid ar- 
rows) and intradural mass (open arrows) at level 
of distal cord. 

B, Intraoperative sonogram shows transducer 
touching large extradural component of lipoma 
(L), relationship of lipoma to dorsal cord, and 
plane of demarcation (solid arrows) between 
lipoma and cord. Tethered cord is identified (be- 
tween open arrows). Highly echogenic surfaces 
of cord, its normal echogenicity, and preserva- 
tion of central echo (ce) indicate that lipoma has 
not infiltrated cord. 


Fig. 3.—Tethered cord with dermoid. Patient 
with previously repaired myelomeningocele. 

A, Myelogram shows tethered cord (black ar- 
rows) ending in intradural mass (white arrows). 

B, Longitudinal sonogram during surgery 
shows tethered cord (solid arrows) associated 
with intrasacral mass (between open arrows) 
that proved to be dermoid. Note sharp demar- 
cation between distal cord and mass. 


Fig. 4.—Tethered cord with lipoma and lipo- 
matous filum terminale. 

A, MR shows lipoma (long straight arrows), 
lipomatous involvement of filum terminale (short 
straight arrows), and insertion of filar lipoma into 
distal tethered spinal cord (curved arrow). 

B, Longitudinal intraoperative sonogram 
shows lipoma (L) to be mass of mixed echogen- 
icity. Distal filum (between arrows) was enlarged 
by echogenic lipoma. After resecting lipoma, the 
surgeon transected filum, and rostral portion of 
fiium was seen to move 7-8 mm superiorly. 





1008 QUENCER ET AL. 





AJR: 148, May 1987 


Fig. 5.—E€xtradural and intradural epidermoid 
tumors. 

A and B, Metrizamide CT shows widened lum- 
bar epidural space (es) on left, with flattening of 
thecal sac (white arrows). In addition, large in- 
tradural masses (large black arrows) were seen 
and were distinguishable from smaller roots of 
cauda equina (small black arrows). (A and B are 
reversed from their normal orientation so they 
can be easily compared with sonograms.) 

C and D, Transverse intraoperative sono- 
grams show flattened thecal sac on left (white 
arrows) consistent with extradural mass (em) 
and large intradural masses (black arrows, C). In 
D, at level shown by tip of curved arrow, extra- 
dural mass (em) extended through dura and 
presented as large intradural mass (im). Dermal 
sinus was found to extend into extradural space, 
where it was associated with epidermoid and 
chain of intradural epidermoid tumors. All tumors 
were resected. 


Fig. 6.—Subpial lipoma. Myelography and 
metrizamide CT (not shown) were diagnostic of 
intramedullary mass at T12 level. While atten- 
uation coefficient of mass suggested a lipoma, 
it could not be determined whether lipoma ex- 
tended deeply into spinal cord or was purely 
subpial in location. Longitudinal (A) and trans- 
verse (B) sonograms show sharp plane of de- 
marcation (black arrows) between lipoma and 
dorsal portion of cord. There was no evidence 
of extradural lipoma. Note intact dura (white ar- 
rows). 


In cases of diastematomyelia (Fig. 7), sonography showed also identified. The completeness of removal of the septa, 
where the hemicords lay within a single dural sac and where adequacy of neural element decompression and/or untether- 
they lay within partially or totally separate dural sacs. The ing, and the absence of constriction of the hemicords by the 
extent of the fibrocartilaginous and/or bony septa and the reformed dural sac were confirmed with sonography at the 


site at which the hemicords rejoined into a single cord were time of closure. 
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Fig. 7.—Diastematomyelia. 

A, Lumbar metrizamide CT showed two hem- 
icords within single dural sac at T12-L1, two 
separate dural sacs split by large bony septum 
at L2, and partial separation into two sacs by 
fibrous septum at L3 (arrow). Distortion of spine 
was secondary to severe rotatory scoliosis. 

B, Intraoperative sonogram shows two hemi- 
cords (curved arrows) separated by bony sep- 
tum (between straight arrows). 

C, Thin echogenic structure (short arrow) con- 
tinuous with dorsal dura-arachnoid layer was 
believed to present portion of fibrous septum. 
Note sonographically normal hemicords with 
their central echoes (ce), hyperechoic surfaces, 
and hypoechoic interiors. There was no evidence 
of hydromyelia in either hemicord. 

D, After resection of bony septum and for- 
mation of single dural sac, the two normal hem- 
icords (arrows) were seen within collapsed the- 
cal sac. 


In patients with syringohydromyelia (Figs. 8 and 9), six of 
the seven cavities were treated with a shunt between the 
syrinx cavity and the subarachnoid space. In those patients, 
intraoperative sonography identified the caudal end of the 
syrinx cavity (midcervical region in one, upper thoracic in 
three, and conus in three), so the most distal myelotomy 
possible could be performed. Intraoperative sonography also 
demonstrated whether a single shunt catheter was adequate 
for cyst decompression, whether the syrinx was compart- 
mentalized by fibroglial scar tissue, and whether shunting the 
syrinx relieved the pressure on the tonsils and cervical med- 
ullary junction. The use of a single catheter was sufficient to 
decompress six of our syringohydromyelic cavities. In one 
patient in whom the syrinx was treated by simple fenestration, 
sonography demonstrated a decrease in the size of the cyst 
Cavity. 

In the single case of intrasacral meningocele (Fig. 10), 
intraoperative sonography showed the plane of separation 
between the distal spinal canal and the meningocele and 
identified the position and course of the sacrococcygeal nerve 
roots. These roots were best appreciated by their courses 
and by their pulsatile motion with real-time imaging. 

The amount of time the radiologist is required to spend in 
the operating room performing sonography [5] depends on 
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the complexity of the abnormality and the skill of the surgeon. 
While only a portion of his time involves the actual sono- 
graphic examination, the total time commitment in these types 
of cases is at least 1 hr and perhaps at long as 2⁄2 hr. 


Discussion 


Spinal dysraphism represents a failure of normal midline 
mesenchymal, bony, and neural fusion. Diastematomyelia, 
congenital tumors, meningocele, meningomyelocele, and teth- 
ered cord are some of the diverse forms of spinal dysraphism. 
These forms of dysraphism can occur as isolated anomalies 
or they can occur in combination with other dysraphic states. 
Thus, a tethered cord may be associated with congenital 
intradural tumors, with a short, thickened filum terminale that 
may or may not show evidence of lipomatous involvement, 
with fibrous bands and adhesions, or with dermal sinuses |1, 
2, 6-8]. When a tumor is found, it is usually a lumbosacral 
lipoma. Less often, a dermoid, epidermoid, teratoma, neu- 
roenteric cyst, or Wilms’ tumor [9] may be present. These 
tumors may act as expanding intraspinal masses, causing 
compression of adjacent neural tissue, or they may cause 
traction or tethering of the spinal cord. In patients with dys- 
raphism, surgery is performed primarily to free the spinal cord 
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and nerve roots from pathologic tethering or compression. 
These developmental anomalies cause neurologic deficits that 
often worsen with age [10-12], and since surgical repair 
usually arrests progression of deficits rather than restoring 
neurologic function, surgery should be performed as soon as 
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Fig. 8.—Syringohydromyelia. 

A, Preoperative MR shows syringohydromyelia from C2 to T11 level, thin linear structure (arrows) 
within syrinx cavity, and tonsillar ectopia (T). 

B, Before insertion of shunt catheter, longitudinal sonogram shows distal end of syrinx cavity 
(arrow) at T11. 

C, Transverse sonogram at C5 shows echogenic structure presumed to be fibroglial scar (between 
arrows) within syrinx cavity (compare with A). 

D, Longitudinal sonogram at cervicomedullary junction shows ectopic tonsils (T) and compression 
of dorsal cervical cord (arrows). After myelotomy and shunt catheter insertion at T11, the catheter 
was advanced 25 cm within the syrinx to about the T2 level. 

E, Repeat transverse sonogram at T11 shows shunt catheter (arrow) within collapsed syrinx. 
Collapse of subarachnoid space resulted in poor visualization of cord outline. 

F, At C5, collapsed syrinx is seen (compare with C). 

G, At cervicomedullary junction there is diminished mass effect on tonsils (T) and spinal cord 
(arrows) and increased CSF around tonsils and cord (compare with D). Postoperative MR confirmed 
complete collapse of syrinx. 


the diagnosis can be established. Ideally, this would be in the 
still asymptomatic patient, before the patient loses motor 
power or sensation, becomes incontinent of urine or feces, 
or suffers progressive deformity of the spine or lower extrem- 
ities [13]. 
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Fig. 9.—Syringohydromyelia and syringobul- 
bia. 

A, MR shows hydromyelia (straight arrows), 
syringobulbia (curved arrow), and tonsil pro- 
lapse (T). 

B, After laminectomies at C6 and C1, longitu- 
dinal sonogram shows syringohydromyelia 
(solid straight arrow), syringobulbia (curved ar- 
row), and ectopic tonsils (T). Fibroglial scar (be- 
tween open arrows) partly separates these two 
cystic collections in area where MR showed nar- 
rowing between syringohydromyelia and syrin- 
gobulbia. 

C, Transverse sonogram at C6 shows fibrog- 
lial tissue (arrows) traversing width of syrinx. 

D, After insertion of shunt catheter (solid ar- 
row) into cord at C6 there was complete collapse 
of left side of syrinx (open arrow) when com- 
pared with C. Catheter was advanced to C1 level, 
but sonography showed that, initially, catheter 
would not pass cephalad to scar seen in B. After 
repeated attempts, the catheter was finally ad- 
vanced above scar into syringobulbia. 

E, Longitudinal sonogram shows catheter 
(solid arrows) in center of cord with its tip (open 
arrow) in syringobulbia. 


Fig. 10.—Occult sacral meningocele. 

A, MR shows CSF-equivalent mass (between 
solid arrows) within sacral canal, causing ero- 
sion of sacrum at S2 and S3. Separating normal 
ending of subarachnoid space and meningocele 
is area of high signal intensity within which there 
are some thin hypointense signals, consistent 
with fibrous membrane (open arrows). At my- 
elography (not shown) there was a block to the 
flow of contrast material at S1 with no filling of 
cyst. 

B, Longitudinal intraoperative sonogram lo- 
calizes soft-tissue membrane (arrows), which 
separates normal subarachnoid space (SAS) 
from meningocele (MNCL). Sacral roots (arrow- 
heads) within subarachnoid space were shown 
not to pass into distal cyst. With real-time sonog- 
raphy, a small opening, acting as a ball valve, 
was seen to connect subarachnoid space with 
meningocele. This opening cannot be seen on 
these static images but was located at about the 
level of the middle of the three solid arrows. The A B 
cyst was totally resected and the small opening 
was repaired. 
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Accurate preoperative radiologic studies help in planning 
the surgical correction of spinal dysraphism [10, 13-16]; 
however, additional critical management decisions must be 
made during the operation itself. In such cases the intraoper- 
ative sonogram will initially show the surgeon whether an 
adequate amount of bone has been removed or whether a 
wider laminectomy will be required to approach the mass 
successfully. This is particularly important in surgery of the 
spinal dysraphic states, since the level of bony and/or cuta- 
neous abnormality may be many segments away from the 
site of the intraspinal disease. Sonography offers the surgeon 
the opportunity to identify the extent and configuration of 
associated masses and their relationship to normal neural 
tissue before opening the dura. This is particularly important 
when an abnormality is ventral to or out of the surgeon's 
direct line of vision. In addition, without intraoperative sonog- 
raphy, the safe and effective resection of congenital tumors 
can be difficult because the margins of the tumors may not 
be easily distinguishable from normal cord tissue either on 
gross inspection or with the aid of the operating microscope. 
With intraoperative sonography, however, these important 
interfaces are identifiable (Figs. 1-3 and 5) and surgical re- 
section may be accomplished more easily. 

Whether or not a congenital tumor is associated with a 
tethered cord, intraoperative sonography demonstrates 
whether (1) the cord is surrounded by tumor (Fig. 1), (2) the 
tumor is related to just one surface of the cord (Figs. 2 and 
3), (3) the tumor is in extradural and/or intradural spaces (Fig. 
9), and (4) the tumor is subpial in location (Fig. 6). If the spinal 
cord is surrounded by tumor and the patient is neurologically 
intact, the surgeon may take a less aggressive approach to 
tumor removal, particularly if significant retraction of cord 
tissue would be required to complete tumor removal. Intra- 
operative sonography will also show whether there is a dis- 
tinct interface between the tumor and the cord or whether 
the interface is indistinct, suggesting the possibility of gross 
infiltration of the cord by the tumor. Gross infiltration precludes 
total excision and suggests that simple biopsy or a debulking 
procedure might be more prudent. Since most solid tumors 
are hyperechoic, intraoperative sonography permits the sur- 
geon to distinguish between tumor and normal cord tissue, 
to determine the plane of intended tumor resection (Fig. 6), 
and to determine the site at which to section a lipomatous 
filum (Fig. 4). In patients with filum lipomas, the exact end of 
the conus and the beginning of the filum may be indistinct 
even under the operating microscope. Sonography permits 
more precise determination of these borders and helps to 
avoid inadvertent injury to the conus. Unfortunately, our ex- 
perience to date has shown no specific sonographic features 
that reliably distinguish one tumor from another. Indeed, even 
lipomas show varying echogenicity, perhaps because of dif- 
ferent amounts and distributions of fibrous and connective 
tissue within them or differing dispersions of fat and aqueous 
elements [17, 18]. 

In patients with diastematomyelia, the hemicords may be 
tethered by (1) adhesions to either a bone spur, a fibrocarti- 
laginous spur, or a fibrous septum; (2) a thickened filum 
terminale; and/or (3) associated congenital tumors [1, 8, 9]. 
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In such cases, real-time sonography can detect dampening 
of the normal pulsations of the hemicords secondary to the 
tethering. Sonography can display the sagittal clefting of the 
cord, the site and length of associated bone spurs or fibrous 
septa, and the nature of any adhesions present, before the 
dura is opened. If the laminectomy is long enough, the point 
of reunion of the hemicords into a single cord can also be 
seen. After successful removal of the septum (or spur), lysis 
of adhesions to the hemicords, and reconstruction of a single 
dural sac (Fig. 7D), normal pulsations of the spinal cord will 
be observed. This provides additional assurance that the 
untethering procedure has been successful. In this series, 
one patient with diastematomyelia showed anechoic areas 
within both hemicords, suggestive of an associated hydro- 
myelia. Recent evidence suggests that hydromyelia may oc- 
cur in 50% of patients with diastematomyelia [19]. Depending 
on the size of the syrinx, the surgeon may opt to shunt or 
fenestrate the intramedullary cavity with a microlaser at the 
same time he untethers the hemicords. However, if intraoper- 
ative sonography shows the cyst is small, the surgeon may 
elect to leave it untreated, since the risk of treatment may 
then be greater than the potential benefit. It is hoped the 
additional information provided by sonography will help to 
prevent late clinical deterioration caused by incomplete re- 
moval of the septum and its dural sleeve or inadequate 
treatment of the other abnormalities associated with diaste- 
matomyelia. 

Over the years, surgical procedures used to decompress 
syringohydromyelic cavities have included posterior fossa 
decompression, terminal ventriculostomy, cyst fenestration, 
and shunting of the syrinx into the subarachnoid space via a 
catheter. In our institution, we use sonography to identify the 
distal end of the syrinx cavity, so a shunt can be passed into 
the cavity through the lowest possible portion of the spinal 
cord, minimizing the risk of neurologic deficit (Fig. 9B). So- 
nography is also used to identify any scars (Figs. 8C and 9B) 
that may compartmentalize the syrinx into separate or inter- 
communicating cavities and to determine whether the cathe- 
ter has adequately decompressed the syrinx (Figs. 8E, 8F, 
9D, and 9E). If the single catheter has not proved to be 
sufficient, sonography is used to monitor the success of 
further catheter maneuvers (Fig. 9) or insertion of a second 
catheter. With sonographic guidance, a single syrinx to sub- 
arachnoid space shunt catheter successfully decompressed 
six of the seven syringohydromyelic cavities. In one case, the 
syrinx was fenestrated and the successful decompression of 
the cyst was confirmed by sonography before closing. 

In one patient with an intrasacral meningocele, sonography 
helped the surgeon separate the cyst from the distal portion 
of the thecal sac and to identify the point of connection 
between the subarachnoid space and the cyst (Fig. 10). Real- 
time sonography demonstrates the pulsatile motion of nerve 
roots within the subarachnoid space and/or the cyst, so their 
position and course can be determined before undertaking 
cyst resection and repair of the fistulous opening. 

In conclusion, we have found that in patients with congenital 
anomalies of the spine, intraoperative sonography permits the 
surgeon to see the spinal canal and its contents before 
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opening the dura, determine the best approach to the pathol- 
ogy, monitor the progress of the operation, and determine 
whether the operation was partially or wholly successful. We 
recommend real-time sonography as an “operative fluoro- 
scope” during surgery for spinal dysraphism and syringohy- 
dromyelia. 
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Neuroradiology, 2nd ed. By Ruth G. Ramsey. Philadelphia: Saunders, 852 pp., 1987. $85 


This book is the second edition of a standard neuroradiologic text. 
Significant modifications have been made from the first edition in 
1981. CT has been deleted from the title and there are important 
additions to the text and illustrations of MR imaging in practically 
every chapter. 

The book is organized into 16 chapters including an introductory 
chapter that discusses the order of neuroradiologic procedures. 
Subsequent chapters present a discussion of standard skull exami- 
nation, CT, MR imaging, angiographic technique, and the normal and 
abnormal angiogram. The next chapters are separated into either 
disease processes or anatomical areas. These include chapters on 
meningiomas, aneurysms, and vascular malformations and athero- 
sclerosis, and other chapters on the orbit, posterior fossa, deep- 
hemisphere and midline lesions, and the spine. Unfortunately, this 
organization creates some confusion when one is searching for a 
specific topic, such as the sella, which is located in the chapter on 
deep-hemisphere and midline lesions. In addition, a chapter on hydro- 
cephalus, porencephaly, and metastases groups topics that are 
almost unrelated. 

The book is organized with a brief text at the beginning of each 
chapter followed by illustrations. The text is concise and provides an 
excellent summary of the radiologic findings and some of the asso- 
ciated clinical features. Unfortunately, the text is at times excessively 
short and on other occasions encompasses an inordinate amount of 


material of historical interest but not of practical use for most physi- 
cians. This includes an extensive discussion of direct carotid angiog- 
raphy and brachial arteriography, as well as a lengthy chapter on 
standard skull examinations. 

The illustrations are generally adequate and serve to enhance the 
text. There are an excessive number of CT images from older 
generation scanners, although they do present the material ade- 
quately. The legends are brief and there is effective use of labels for 
the illustrations. The MR images are excellent and provide a signifi- 
cant bonus throughout the entire book. 

The bibliography at the end of the book has been updated from 
the first edition, including a significant number of reference resources 
for MR imaging. Usefulness of these references is limited, however, 
since they are not cited within the text and provided in the bibliography 
only, separated by chapter. 

In general, | believe that this text represents a significant positive 
addition to our learning resource material and will be most useful for 
the beginning physician in diagnostic radiology and the neurosci- 
ences. It should be an addition to departmental libraries and can be 
best used for specific assignments and an introduction to specific 
areas for those beginning in neuroradiology. 
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Intramedullary Spinal Cord 
Metastases, Mainly of 
Nonneurogenic Origin 





The clinical data and imaging studies of 12 patients with intramedullary metastases 
were reviewed retrospectively to see if these lesions had a typical radiographic appear- 
ance and to determine the sensitivity of the various radiologic examinations. The lesions 
were identified antemortem by either myelography, CT, MR, and/or intraoperative spinal 
sonography (IOSS). Final diagnosis was based on biopsy material from either the spinal 
cord lesion, another metastatic site, and/or the primary tumor. Ten patients had primary 
tumors located outside the central nervous system, while only two patients had primary 
brain tumors. Metrizamide myelography and CT demonstrated a definite intramedullary 
mass in nine of 11 patients. In five patients the mass was relatively small, well-defined, 
single, and resembled a primary spinal cord neoplasm. In the other four patients, longer 
and sometimes several segments of the cord were involved. These appeared irregular 
and nodular and were often associated with intradural lesions at separate sites. MR 
detected not only enlargement and abnormal signal in the cord but also clinically 
unsuspected brain lesions. IOSS localized lesions for biopsy and monitored tumor 
resection. These various imaging procedures showed that cord metastases were often 
more extensive than anticipated clinically. Spread of tumor into the spinal and intracranial 
subarachnoid space was common. Imaging of the entire spinal canal and brain, prefer- 
ably with MR, is therefore recommended to aid in diagnosis, prognosis, and treatment. 


While metastatic disease to the osseous spine with secondary epidural extension 
and cord compression has often been described, metastases to the spinal cord of 
nonneurogenic origin have seldom been reported [1-7]. In contrast to those of 
CNS origin [8], intramedullary metastases arising from primary tumors outside the 
CNS are believed to be rare, often found only at autopsy [9-20]. Recent experience 
with 12 patients with spinal cord metastases, 10 of whom had non-CNS primary 
tumors and all of whom had diagnoses established antemortem, has led us to 
believe that these intramedullary lesions may occur more often than previously 
thought and that the availability of newer imaging techniques such as water-soluble 
myelography with CT, MR, and intraoperative spinal sonography (IOSS) may make 
them more easily detectable before death. The sensitivity of these procedures in 
the detection of spinal neoplasms in general has been described [5, 21-25]; 
however, a detailed analysis of the appearance of spinal cord metastases (whether 
of extra- or intra-CNS origin) on all these newer imaging studies has not, to our 
knowledge, been published. Our object is to report our experience in imaging these 
frequently elusive intramedullary neoplasms and to determine which was the most 
sensitive test in detecting this tumor. 


Materials and Methods 


The clinical records, surgical data, pathologic material, and radiologic studies of 12 patients 
with spinal cord metastases were reviewed retrospectively. Diagnosis was established by 
cord biopsy in seven and by biopsy of other metastatic sites in three. In the other two 
patients, both with biopsy-proven primary tumors and intramedullary spinal lesions shown 
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radiographically, there was CT evidence of brain metastases that 
responded to radiation therapy. 

The imaging procedures reviewed and compared for diagnostic 
value and sensitivity included myelography (10 with metrizamide, one 
with Pantopaque), CT, MR, and IOSS. Spinal CT studies were 
performed after instillation of metrizamide with 5-mm-thick sections 
and included nine immediate and four delayed metrizamide CT stud- 
ies. MR of the spine and brain was performed on mid-field-strength 
systems (0.35--0.6 T) with spin-echo (SE) techniques with both T1- 
and T2-weighted imaging. Routinely, the spine was imaged in the 
sagittal view and occasionally also in axial and coronal projections. A 
surface coil was used when the cervical cord was evaluated. The 
brain was studied in the axial view, supplemented by coronal and 
sagittal projections. Pulse sequences for the spine included repetition 
times (TR) of 0.3-2.8 sec and echo times (TE) of 26-80 msec. For 
the brain, the TR was 0.3-2.3 sec and the TE 26-80 msec. IOSS 
was performed with an ATL NeuroSector scanner using a 7.5-MHz 
in-line transducer. 


Results 
Clinical 

The patients were six women and six men aged 23-73 
years. Primary tumors were lung (four), melanoma (three), 
brain (two), and lymphoma (one). One patient had two simul- 
taneous primary tumors (lung and breast). The primary was 
unknown in another patient, but was postulated as arising 
from the breast. There was surgical proof of the primary 
tumor in nine patients; the other three patients had biopsy- 
proven metastases. 

in 10 patients symptoms consisted of progressive weak- 
ness and/or pain, accompanied in eight by numbness and/or 
bladder or bowel dysfunction. In one patient there was pro- 
gressive leg numbness and lightening sensations, and in 
another numbness of the buttocks and urinary incontinence. 
Symptom duration was usually short: 1-3 weeks in six pa- 
tients; 1-2 months in four, and 7 months in one. One patient, 
however, had symptoms for 13 months. 

The clinical diagnosis of metastatic disease was strongly 
entertained in four patients (those with other known metas- 
tases at the time of initial evaluation for cord compression). 
in the other eight patients, the diagnosis was not as obvious 
because, before myelography, there was no known primary 
in four patients, no known metastases in three, and the clinical 
picture was more suggestive of a cord infarct in one patient 
despite known metastatic disease. In addition, laboratory 
studies were nonspecific. CSF, examined in eight patients, 
showed an elevated protein in all, of 47-1490 mg/dl. Blood 
cell counts were either normal or minimally elevated. Cytology 
was done in two patients and was negative. Because of the 
uncertainty of diagnosis, the cord lesions were biopsied in 
seven patients (Table 1). Partial or gross total tumor removal 
was accomplished in six. 

Treatment consisted of surgery and radiation therapy in 
seven patients, radiation therapy alone in three, and radiation 
therapy and intrathecal methotrexate in one. One patient died 
before radiation therapy was begun. Prognosis was poor. Six 
patients had progressive neurologic deterioration and died 
within 2 weeks to 6 months of initial presentation. Two 
patients had initial improvement after surgery and/or radiation 
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therapy but developed new sites of spinal metastases 3-6 
months later. Of the other four patients, two were lost to 
follow-up and two were diagnosed only recently. 


Imaging Studies 


Table “2 summarizes the sites of spinal involvement found 
during radiologic evaluation. No patient had metastatic in- 
volvement of the osseous spine. 

Myelograms were obtained initially in 11 patients. The 12th 
patient did not have a myelogram because of. the presence 
of brain metastases, which made spina! puncture potentially 
unsafe. Myelography was unequivocally positive in nine of the 
11 patients, showing an intramedullary mass lesion. In five 
patients (all of whom had primaries outside the CNS) the 
mass was focal, small (extending over only one spinal level), 
well marginated, and mimicked a primary spinal cord neo- 
plasm (Fig. 1A). Four of these five discrete lesions were 
located in the conus. in the other four patients (two of whom 
had CNS primary tumors), longer segments of the spinal cord 
were involved, causing partial or total obstruction in three and 
associated with multiple segments of spinal cord involvement 
in one. Intradural lesions separate from the cord mass were 
present in three patients (one with and two without a CNS 
primary) (Fig. 2). In the other two patients (both with primaries 
of nonneurogenic origin), the spinal cord was at the upper 
limits of normal in size in one and showed equivocal cord 
enlargement, only on retrospective review, in the other. 


TABLE 1: Results of Spinal Cord Biopsies in Seven Patients with 
intramedullary Spinal Cord Metastases 





Spinal Cord Histology Site of Primary 
Small-cell undifferentiated carci- 
noma Lung (biopsy proven) 
Poorly differentiated carcinoma Lung (biopsy proven) 
Papillary adenocarcinoma Lung (biopsy proven) 


Anaplastic smail-cell carcinoma 
(metastatic glioblastoma) 

Melanoma 

Primitive neuroectodermal tumor 


Brain (biopsy proven) 

Unknown 

Brain (unbiopsied cerebellar le- 
sion seen on MR) 

Poorly differentiated adenocarci- 


noma Unknown 





TABLE 2: initial Sites of Spinal involvement in intramedullary 
Spinal Cord Metastases 





: No. of 
Site Patients 
Cervical cord 2 
Distal cervical-upper thoracic cord 1 
Middle or lower thoracic cord 2 
Conus meduliaris 4 
Lower thoracic cord and lumbar intradural le- 
sions 2 
Cervical cord, thoracic cord, and lumbar intra- 
dural lesions i 
Total 12 
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Fig. 1.—73-year-old woman with small-cell 
lung carcinoma. 

A and B, Smooth enlargement of conus (ar- 
rows) on metrizamide myelogram (A) and CT 
scan (B). 

C and D, MR shows widened cord and its well- 
defined margins (arrows) and excludes other 
sites of cord involvement on coronal (SE 300/ 
45) (C) and sagittal (SE 300/30) (D) views. 
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Fig. 2.—23-year-old man treated 10 months earlier for primary brain 
tumor. 

A, Metrizamide myelogram from above. Complete block at C6 secondary 
to intramedullary C3-C6 lesion (arrows). 


Metrizamide CT was performed in 10 of the 11 patients 
who had myelography. In the three patients having both 
immediate and delayed scans, the findings were best seen 
on the immediate CT scans because of sharper delineation of 
the spinal cord. In the one patient who had only a delayed CT 
Study, however, abnormal contrast uptake was seen in the 
cord just above and below the point of maximal cord enlarge- 
ment. The metrizamide CT scans delineated the spinal cord 
mass and the intradural lesions better than myelography. In 
two of the three patients with spinal obstruction, CT showed 
metrizamide beyond the area of myelographic block. Metriz- 
amide CT was also used to guide the percutaneous biopsy 
of two of the patients with lumbar intradural lesions. However, 
in these particular cases the biopsies were not diagnostic. 

MR of the spine, performed in six patients, was positive on 
initial evaluation, showing cord enlargement and abnormal 
signal. MR was crucial to the diagnosis of a spinal cord lesion 
in the one patient in whom myelography was deemed dan- 
gerous and not done, and in the two patients with equivocal 
myelograms. One of these latter patients was a 36-year-old 
woman with a history of progressive leg weakness and pain 
but no known primary tumor; MR was the study that estab- 
lished the presence of a spinal cord mass (Figs. 3A and 3B) 
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B, Contrast material injected from below shows second complete block 
secondary to enlarged, irregular cord (arrow). 

C, Intradural lumbar lesions (arrow) are also evident. Cord biopsy 
revealed metastatic glioblastoma. 


and prompted cord biopsy in the operating room under son- 
ographic control (Fig. 3C), which revealed metastatic adeno- 
carcinoma. 

Follow-up MR of the spine was performed in three patients 
and showed new areas of spinal involvement in two. In one 
of these patients the new site of metastasis was shown as 
an area of high-intensity signal in the cervical cord without 
associated cord enlargement. Follow-up MR in both these 
patients mitigated against the need for further myelography. 
In the third patient, however, myelography and CT were 
needed (Figs. 3D and 3E). 

MR of the brain was performed in three patients. In one 
patient both IV enhanced CT and MR demonstrated a paren- 
chymal metastasis. In another patient MR was positive when 
single-dose contrast CT was negative. It showed a sizable 
lesion in the cerebellum that was unsuspected Clinically. How- 
ever, follow-up MR did not demonstrate well subarachnoid 
seeding that was shown nicely on contrast-enhanced CT. In 
the third patient both CT and MR showed multiple nodules in 
the subarachnoid cisterns from the tumor seeding, but CT 
(Fig. 3F) showed the lesions to better advantage. The borders 
of the lesions were easier to discriminate because of the 
contrast enhancement on the CT scan. 
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Fig. 3.—Cord lesion was undiagnosed initially 
on metrizamide myelogram (not shown). 

A and B, Sagittal MR shows mildly enlarged 
cervical cord on SE 500/28 (A, arrows) with 
abnormal high-intensity signal on SE 2000/56 
(B). 

C, Intraoperative sonogram identified most 
echogenic portion (black arrow) of hyperechoic 
tumor and localized it for biopsy. Notice in- 
creased echoes and shadowing caused by 
needle marker (white arrow) above intact dura. 
After radiation therapy 4 months later, follow-up 
MR from C1 to T3 (not shown) failed to show 
tumor recurrence, despite neurologic deteriora- 
tion. 

D and E, Metrizamide myelogram from above 
(D) and CT (E), however, revealed complete 
block at T7 secondary to irregular cord lesion at 
T3-T4 level (arrows), just below level of original 
tumor and surgical site. 

F, Contrast-enhanced CT 2 weeks later shows 
multiple enhancing nodules in CSF pathways 
(arrows). The patient died of widespread metas- 
tases a short time later. 
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Fig. 4.—Sagittal (A) and transverse (B and C) intraoperative sonograms 
show discrete hyperechoic mass in cervical-thoracic cord (long arrows) 
and differentiate it from edematous cord above lesion (C), the latter the 
site of nondiagnostic biopsy at an outside hospital, which had been 


lOSS was performed in six of the seven patients who 
underwent cord biopsy, and it proved critical to the surgical 
procedure, confirming the intramedullary location of the le- 
sions and showing them mainly as echogenic masses within 
the cord that were bulging the dura and causing significant 
obliteration of the cord’s central echo. IOSS differentiated 
cord enlargement secondary to tumor from edema because 
the edematous cord appeared diffusely hypoechoic and the 
tumor hyperechoic, as illustrated in Figure 4. In the five other 
cases IOSS also localized the best site for biopsy and con- 
firmed the accuracy of the biopsy. IOSS determined tumor 
resectability by demonstrating well-defined margins in one 
patient and poorly defined margins in five patients. Two of 
the latter five patients were also seen to have exophytic 
growth of tumor into the subarachnoid spaces. 

Neoplastic involvement of the brain was common. Paren- 
chymal, dural, and/or subarachnoid tumor was present in 
eight of the 12 patients as shown on MR and/or CT and 
confirmed at surgery in two. In two the lesions represented 
the primary neoplasm (a glioblastoma in one and a primitive 
neuroectodermal tumor in the other). In the other six patients 
the lesions were metastatic and developed before or simul- 
taneously with the cord metastases in five patients. 


Discussion 


Intramedullary spinal cord metastases are an unusual com- 
plication of malignancies arising outside the CNS [1-7, 
9-20]. Of 1096 carcinoma patients studied prospectively at 
autopsy by Chason et al. [15], metastases to the CNS were 
found in 200. Only 10 (5%) of these 200 patients had intra- 
medullary spinal cord metastases. If one considers their entire 
patient population, less than 1% of their cancer patients 
developed metastases to the spinal cord. Similar results were 
reported by Costigan and Winkelman [10]. Intramedullary 
spinal metastases represented 2.1% of cases in their clinico- 
pathologic study of 627 patients with systemic cancer. In the 
study by Edelson et al. [1], intramedullary spinal cord metas- 
tases were found in six (3.4%) of 175 metastatic spinal canal 
lesions, an incidence the authors believed was higher than 
that reported in most large series. In a review of the English- 
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performed without sonographic monitoring. Notice hypoechoic nature of 
cord edema (short arrows). (Note also loss of central echo caused by cord 
metastasis.) Biopsy revealed intramedullary metastatic lung carcinoma. 


language literature since 1960, Grem et al. [16] found only 50 
reported cases of intramedullary spinal cord metastases of 
nonneurogenic origin, to which they added five of their own. 
This low incidence of intramedullary spinal cord metastases 
of nonneurogenic origin contrasts with the high incidence of 
bony and epidural metastases in patients with systemic can- 
cer [3, 20]. 

Of the tumors of nonneurogenic origin metastasizing to the 
spinal cord, carcinoma of the lung is the most common [1, 4, 
5, 7, 12, 14], accounting in some series for 50% or more of 
the cases [1, 7, 15, 16]. Both small-cell and non-small-cell 
bronchogenic carcinomas have been reported [4, 11, 16], and 
in one review were found to be equally represented [16]. The 
high association of small-cell bronchogenic carcinoma with 
brain metastases is, of course, well known [4, 11]. In the 
study of Grem et al. [16], breast carcinoma was found to be 
the second most common. Lymphoma, melanoma, colorectal 
carcinoma, Hodgkin's disease, head and neck carcinoma, and 
leukemia are other reported primaries [1, 3, 12, 16]. It is 
interesting to note that lymphomas and melanomas metas- 
tasize with greater regularity to the spinal cord than to the 
epidural space [1]. In less than 2% of cases, the site of the 
primary tumor has been unknown [16]. 

The thoracic cord is the most common site of intramedullary 
metastases of non-CNS origin, followed by the cervical cord 
[16]. At autopsy the spinal cord grossly appears firm and 
swollen, frequently in a fusiform manner [16]. Multiple seg- 
ments are often affected. Microscopically, in the area of cord 
enlargement the spinal cord may be completely replaced by 
metastatic tumor [16]. Infarction and necrosis are common, 
and cone-shaped central softening can be seen [12, 16, 18]. 
Leptomeningeal and intradural involvement can be found in 
conjunction with the intramedullary tumor [1, 4, 6, 7, 10, 11, 
26]. Osseous metastases, however, are distinctly uncommon 
[12]. 

Most spinal cord tumors of non-CSF origin are believed to 
develop from hematogenous arterial dissemination of tumor 
emboli and less often from the vertebral venous plexus or 
from direct extension from the nerve roots or CSF [16, 19]. 
This is in direct contrast to tumors of CNS origin. It is well 
known that certain intracranial neoplasms, including medul- 
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loblastomas, ependymomas, and gliomas, commonly spread 
into the CSF pathways and that this leptomeningeal involve- 
ment sometimes leads to direct invasion of the spinal cord [8, 
20, 27-33]. Spinal cord metastases from medulloblastomas 
were reported in 12.5% of cases in one series [29] and in 
43% in another series [28]. Gross evidence of spinal metas- 
tases was found in one-third of cases when the spinal cord 
was examined in patients with cerebral glioma [8]. This dif- 
ferent mechanism of spread of tumor to the spinal cord may 
account for some differences in appearance between intra- 
medullary lesions of CNS origin and those of non-CNS origin. 
In those patients with primary CNS tumors that seed to the 
CSF and spinal cord, multiple dorsal nodular implants of 
varying sizes on the spinal cord and nerve roots have typically 
been found in association with thickened leptomeninges [8]. 
While this appearance has also been seen in intramedullary 
metastases of nonneurogenic origin from secondary tumor 
spread into the CSF from the spinal cord, single tumors 
causing fusiform expansion of the cord have been reported 
most often [1, 4, 16, 19, 20]. 

Patients with spinal cord metastases arising from primary 
tumors outside the CNS typically present with symptoms of 
short duration, usually of 1-5 weeks [1, 7, 10, 12]. Pain and 
weakness, often accompanied by bladder and bowel dys- 
function and sensory loss, are the most common presenting 
complaints [1, 4, 7, 12, 16]. Survival is short, often under 2 
months, due to rapid neurologic deterioration and to the 
presence of widespread metastases, including those to the 
brain [4, 9, 10, 12, 16]. Clinical diagnosis is often difficult, 
especially when there is no known primary or known metas- 
tasis. Neither the clinical picture nor the CSF findings help to 
distinguish intramedullary metastasis from epidural metasta- 
sis, leptomeningeal carcinomatosis, paraneoplastic necrotiz- 
ing myelopathy, radiation myelopathy, ruptured arteriovenous 
malformation, or other lesions causing an acute myelopathy 
(1, 7; 9; 12, 16}. 

Radiologic studies can aid diagnosis. In the past, myelog- 
raphy has been the most important diagnostic procedure in 
detecting intramedullary metastases of nonneurogenic origin 
[1,5, 16, 19, 20]. While plain films have usually been negative, 
myelograms, routinely obtained with Pantopaque, have been 
reported to show intramedullary mass lesions, sometimes 
totally obstructing the flow of contrast material [1, 4, 12, 16, 
19, 20]. These lesions have usually involved short segments 
of the cord and have produced symmetric and fusiform en- 
largement, often without cord displacement [1, 4, 16, 19, 
20]. Irregularity of these focal lesions has been noted [19, 
20]. With superficial cord infiltration, a less common occur- 
rence, lobular excrescences protruding eccentrically from the 
widened spinal cord have been seen [19, 20]. Extensive 
single-cord lesions sometimes associated with multiple sep- 
arate intradural nodules and multiple separate intramedullary 
lesions have also been described [6, 19]. Myelography has 
been helpful in differentiating intramedullary metastases from 
leptomeningeal carcinomatosis since the latter usually ap- 
pears as multiple nodules beading the cauda equina [6]. 
Myelography has also been helpful in differentiating extradural 
from intramedullary metastases, although there have been 


SPINAL CORD METASTASES 1021 


exceptions to this, especially when the lesions were fungating 
and irregular [1]. In cases of single intramedullary lesions, 
difficulty has also been encountered in distinguishing intra- 
medullary metastasis from primary neoplasm and from syrin- 
gomyelia [4]. In these cases, however, the clinical history has 
usually allowed a distinction to be made. 

Despite the value of myelography, limitations to this pro- 
cedure have been described. Myelograms have been reported 
to be negative in as many as 40-42% of intramedullary 
metastases of nonneurogenic origin [1, 4, 5, 7, 10, 12, 16}. 
Because of the drawbacks of myelography, CT has been 
suggested to aid in detection. CT has shown hyperdensities 
in the spinal cord on both plain and IV contrast-enhanced 
studies [4, 5]. Plain and IV-enhanced CT scans, however, 
have not been used extensively in patients with this disease. 
While the potential value of intrathecal metrizamide has been 
mentioned [5], the use of metrizamide CT scans has not been 
reported. The diagnosis of spinal cord metastases of nonneu- 
rogenic origin has often been made only postmortem [9-12]. 

While the results of our study agree with those reported in 
the literature for patients with spinal metastases of non-CNS 
origin with regard to their clinical history, clinical course, tumor 
type, lack of concurrent bony and epidural involvement, and 
frequent neoplastic involvement of the brain, they differ with 
regard to the sensitivity of radiologic studies. Spinal cord 
lesions were detected radiographically in every patient in our 
series. We believe this high rate of positive radiologic studies 
is directly related to the application of newer imaging tech- 
niques. The use of metrizamide for myelography, for example, 
allowed us to diagnose intramedullary mass lesions in most 
patients. CT scans after myelography aided in diagnosis also. 
By clearly demonstrating irregularity and nodularity to the 
Spinal cord lesion and by showing more distinctly than my- 
elography multiple intradural lesions, metrizamide CT scans 
made metastatic disease the most likely diagnosis. They also 
were seen to be potentially useful in obtaining tissue diagnosis 
through the percutaneous biopsies of associated lumbar in- 
tradural lesions [34]. |OSS documented the presence of intra- 
medullary lesions at surgery and guided their biopsy. This 
procedure proved critical in those cases where spinal cord 
enlargement was not diagnosed myelographically and where 
difficulty with prior biopsy had been encountered at an outside 
institution. |OSS differentiated cord edema from intramedul- 
lary metastasis, a distinction that probably cannot be made 
by MR at this time (Fig. 4). 

MR has only recently been used in the detection of spinal 
cord lesions [23-25]. The value of this imaging device in 
diagnosing spinal cord disease noninvasively was confirmed 
by our study also. While we do not know the false-negative 
rate of this procedure since we did not use autopsy material 
to select our cases, MR appeared to be very sensitive in 
detecting intramedullary metastases of both nonneurogenic 
and CNS origin. The initial studies in all six patients examined 
with MR showed cord enlargement, even when it was subtle. 
Widening of the spinal cord was best seen on T1-weighted 
SE images in the sagittal view and gave the first indication of 
an intramedullary lesion. T2-weighted SE images showed 
high-intensity signal within the cord and documented intrinsic 
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cord disease, even in the one patient whose follow-up MR 
Study showed no cord enlargement at the site of a new cord 
metastasis. MR detected disease that could not be seen on 
myelography since it demonstrated areas between myelo- 
graphic blocks. It also provided an easy and noninvasive 
means of imaging the entire spinal canal and brain, which 
allowed for the detection of clinically silent abnormalities both 
initially and at follow-up. While one disadvantage of MR was 
that it was nonspecific, other limitations were restricted to 
those that could be potentially overcome in the future, namely, 
the limited resolution of the thoracic cord with the body coil 
and difficulty in detecting meningeal metastases in the spine 
and brain. The use of surface coils and paramagnetic contrast 
agents may help eliminate these diagnostic problems. 
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Technical Note 





Radiation-Induced Phosphorescence from Thulium- 
Activated Yttrium Tantalate Screens 


D. R. Shearer’ and L. E. Rowe 


The excellent resolution obtained as a result of the blue/ 
ultraviolet emission from thulium-activated yttrium tantalate 
phosphor has resulted in a widespread adoption of this screen 
for extremity and pediatric radiography [1]. A previous inves- 
tigation of the luminescent properties of this phosphor 
(Shearer DR and Rowe LE, unpublished data) indicated that 
the emission contains phosphorescent components that 
could give rise to artifacts or increased fog levels on subse- 
quent films. An examination of the significance of these emis- 
sions in routine radiography is the subject of this communi- 
cation. 


Materials and Methods 


An empty 8 x 10 in. (20.3 x 25.4 cm) extremity cassette with 
double yttrium tantalate screens was irradiated with a 100-kVp X-ray 
beam (HVL = 5 mm Al) from a diagnostic X-ray unit (GX 1050, Picker 
International Inc., Highland Heights, OH) at a target-film distance of 
40 in. (101.2 cm). At this distance, the field was effectively uniform 
over the cassette area. The milliampere seconds were varied to 
deliver exposures of 0.12, 0.93, 2.0, and 3.98 R (3.1 x 10°, 2.4 x 
10-4, 5.2 x 1074, and 1.03 x 107° C/kg) to the cassette face. These 
exposures were monitored by using a calibrated ion chamber (Model 
1015, MDH Industries, Monrovia, CA) and greatly exceeded the 
exposures that occur at the cassette face as a result of routine 
extremity and pediatric techniques. 

After irradiation, the cassette was quickly taken to the darkroom, 
and a film (Cronex 7L, E. |. Du Pont de Nemours, Wilmington, DE) 
that previously had been cut into 12 partially separated strips was 
inserted. The strips were left connected at one end to make handling 
easier and to prevent movement inside the cassette. The time be- 
tween cassette irradiation and film insertion was 30 + 5 sec. The 
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cassette and film were then left at room temperature. At specific 
times after irradiation, ranging from 5 min to almost a week, one strip 
of film was torn off and processed. Control films were processed at 
each session to ensure processor reproducibility. The density of the 
strip was measured by means of a densitometer (Process Control 
Densitometer, Radiation Measurements, Middleton, WI) with a reso- 
lution of 0.01 optical density units. The results are shown in Figure 
1. 

A similar experiment was performed with experimental beams of 
50-100 kVp (HVL ~2-5 mm Al) to determine the exposure level at 
which an increased fog level is observed. In this case, the entire film 
was processed after being left in the cassette for approximately 24 
hr, and the density was compared with an unexposed film from the 
same batch that was processed at the same time. The optical density 
was determined at six locations in both films and an increase in 
background density noted when the means of the six readings 
differed by 0.01 or more optical density units. 


Discussion 


The results indicate that thulium-activated yttrium tantalate 
has a phosphorescent component (or components) that emits 
light for at least 1 week after irradiation when the cassette is 
kept at room temperature. This is in agreement with previous 
work carried out at Rhode Island Hospital that showed that 
the luminescent efficiency of the phosphor is extremely tem- 
perature dependent as a result of the thermoluminescent 
properties of the phosphor. At low temperatures, trapped 
charge carriers are not available for contribution to the lumi- 
nescent emission, whereas at higher temperatures, the 
charges are released because of the energy of thermal acti- 
vation. However, at any constant temperature, charge carriers 
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Fig. 1.—Optical density produced in unirradiated Cronex 7L. film as a 
function of time after the film was placed in a cassette approximately 30 
sec after exposures of 0.12, 0.93, 2.00, and 3.98 R (3.1 x 1075, 2.4 x 107“, 
5.2 x 10, and 1.03 x 10° C/kg) with a 100-kVp X-ray beam. 


are released from what appears to be a continuous energy 
distribution of traps. 

As a result of this process, a problem with artifacts or 
increased fog levels could exist if (1) high exposures are used, 
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(2) films are quickly replaced in the cassette after an exposure, 
(3) a rapid series of exposures is made with one cassette, or 
(4) any combination of these conditions occurs. 

Although film darkening is marked at sufficiently high ex- 
posures to the cassette—in excess of 80 mR (2.06 x 10° 
C/kg) to the cassette face when Cronex 7L film and X-ray 
beams of 50-100 kVp are used—-any detectable effect is 
unlikely with the techniques normally used in pediatric and 
extremity radiography. For these clinical applications, even 
the unattenuated beams give exposures to the cassette that 
are well below the threshold level. Furthermore, the majority 
of the phosphorescence is emitted in the first few minutes 
after irradiation, which decreases the magnitude of any cu- 
mulative effect. 

In summary, although thulium-activated yttrium tantalate 
does exhibit significant phosphorescence when irradiated to 
high exposure levels, the intensity under normal clinical con- 
ditions is sufficiently low so that no artifacts or increased fog 
levels on subsequent films are expected. 
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Development of a Useful Picture Archiving and 
Communications System 


Thomas J. Spackman' and Kerry W. Bensman? 


Picture archiving and communications systems (PACS), 
digital image management systems (DIMS), imaging net- 
works, and automated information management systems all 
have great promise in medicine. This is particularly true for 
radiology because it has accepted computers and computer 
systems more completely than most other medical specialties 
have. The genesis of these networks goes back to the intro- 
duction of CT, which by its nature produces a digital, rather 
than analog, diagnostic image. Succeeding years have seen 
the introduction of digital imaging into most radiologic tech- 
niques, and radiologists have become increasingly comforta- 
ble in using video displays and small-format hard copy to help 
make diagnoses. 

Digital images can be electronically stored, transmitted, 
processed, and displayed under computer contro!, and this 
situation offers the possibility of integrated information man- 
agement—image data and text/numeric data—for diagnostic 
medicine. The impact on methods of medical practice, coor- 
dination of medical information, and the possibility of making 
the total diagnostic and therapeutic process far more efficient 
is remarkable. If radiology departments become the nerve 
centers of hospitals, even more than they are now, radiolo- 
gists will find new and important roles in providing diagnosis 
and therapy, which will benefit both the patient and the 
specialty. 

Why, then, has there been a delay? After all, radiologists 
have been managing digital-image data for more than a dec- 
ade. Why have radiologists not been more successful in 
developing devices and systems that many of them have 
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been talking about and experimenting with for so long? We 
believe that the answer lies in a consideration of the whole 
scope of a usable network, which can be envisioned as a 
continuous electronic loop that has “nodes” for acquiring 
images (CT scanners, sonographic machines, digital subtrac- 
tion angiography equipment, and all the others), storing im- 
ages, processing images, and displaying images. 

In this paper we put forth our opinions on three questions: 
why this field of effort has not moved more rapidly, what the 
problems are that remain to be solved, and what the best 
way will be for working out solutions. We believe, as repre- 
sentatives of academia and industry, that the best progress 
can be made by consortia of several partners, commercial 
and university, each contributing skills, personnel, equipment, 
overhead, and other support. 

if the entire network, operating system, and nodes are 
thought of as the PACS, the critical elements are the network 
itself, the operating system, the digital-image acquisition de- 
vices, the display and processing devices, the archiving de- 
vices, and the interfaces between each node and the network. 

Appropriate transmission speed already has been achieved 
at reasonable cost with rates greater than 1.2 megabytes/ 
sec, including the time required for all electronic steps and for 
switching from retrieval at one node to display at another. 
Data transmission should be fast enough to call up any 512 
x 512 pixel image from archive to display in about 1 sec, and 
collisions of packets of data on the network should not occur. 
Many network backbones have been developed for business 
data transmission and do not provide the needed capacity for 
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image communication, but several exist or are under devel- 
opment that will give appropriate flexibility and transmission 
characteristics. 

Display and processing devices are becoming available 
commercially, and image consoles are also under develop- 
ment in a number of universities. These are the electronic 
“viewboxes” for interpretation of digital images and for what 
will one day be a virtually filmless diagnostic environment. 
They will likely comprise a family of products ranging from 
those with several displays and extensive (expensive) proc- 
essing capabilities to those with a single display and limited 
interaction. Some of the commercial display systems use 
highly compressed data and limited pixel depth; this type of 
system avoids bulky storage but allows little processing and 
manipulation afterwards. PACS in their purest form should 
use data that result in the minimal image degradation to be 
Clinically acceptable. This situation requires small compres- 
sion ratios, but the volume of data in that case strains several 
components of the information-management system, partic- 
ularly the network and archive. 

Archives that use magnetic tape or floppy discs have 
provided much of the long-term storage in systems used up 
to the present, but the small capacity of floppy discs and the 
difficulty of retrieving data from tape make both media poor 
for archiving for PACS. Hard-disc Storage has increased in 
Capacity and decreased in cost over the years, and it provides 
rapid retrieval, but hard discs are still bulky, especially when 
connected in series to provide large-volume, long-term, ter- 
tiary storage. The best medium now available for long-term 
storage is the optical disc, especially when large numbers of 
discs are arranged in a “jukebox” for automated data retrieval 
much as popular musical records are in traditional jukeboxes. 
These devices are available commercially, and development 
of commercial service bureaus to store data is likely. These 
bureaus will off-load inactive files from a hospital through 
telephone lines and return patient images and other informa- 
tion when requested. Even optical disc banks will become 
saturated if increasing amounts of digital-image data require 
Storage, especially if there is any consideration of saving 
multiple-frame motion studies. Radiologists will have to be 
moderate in what they wish to retain, and new, higher density 
archival media will probably emerge. 

A principal impediment to the establishment of a fully op- 
erational PACS has been the inability to get digital-image data 
from each vendor's image acquisition devices in a uniform 
format and in a rapid fashion. The American College of 
Radiology and the National Electrical Manufacturers Associ- 
ation (ACR-NEMA committee) have been working together 
for several years to develop a standard for communications 
between different brands of medical digital-imaging equip- 
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ment, and NEMA has put out a press release describing a 
“breakthrough” in devising a new ACR-NEMA standard. It 
remains to be seen how well or how soon this standard is 
implemented by manufacturers because they are faced with 
the challenge of determining what should remain proprietary 
and what should be modified to meet industry standards. 
These decisions have serious technical and business impli- 
cations. Current analysis of the ACR-NEMA communications 
standard suggests that meeting its full specifications will 
require vendors to devise custom circuitry for each acquisition 
device, a considerable impediment because these devices will 
be expensive to produce and difficult to market successfully. 

Data-management systems, and indeed complete infor- 
mation-management systems, must be developed and refined 
to coordinate the PACS. These must manage numerous data 
files, integrate what may turn out to be dozens of nodes 
(especially for institutionwide display and processing stations), 
and provide management systems for the day-to-day opera- 
tion of a radiology department (including scheduling, billing, 
tracking patients, and distributing examination reports). A 
number of systems have been developed by universities, 
industry, and consortia of users, but most of these still lack 
the necessary sophistication. The magnitude of the task is 
considerable and will require the novel application of expert 
systems and artificial intelligence, fields in which most radiol- 
ogists have little experience. 

Finally, the ultimate application of a PACS requires a direct 
digital large-area sensor that provides spatial resolution com- 
petitive with film and obtains images in a fraction of a second. 
These dual requirements cannot be met by the intensifiers 
used in digital subtraction angiography or by flying-dot or fan- 
beam scanning devices. Techniques that use laser readout of 
latent images remain bulky, are cumbersome to use, and are 
directed at hard copy as a final product. The use of analog- 
to-digital light-scanning devices to convert film files to elec- 
tronic media can be considered an intermediate solution only, 
and it seems likely that a completely new approach will be 
required to satisfy necessary specifications. Nothing seems 
to be on the horizon at present, and this may be the single 
most challenging task before radiologists can establish true 
digital departments. 

The tasks remaining are not trivial and are not inexpensive. 
A great deal of work needs doing, but that is precisely the 
reason to get on with the job with vigor and enthusiasm. The 
breadth of skills required are such that development of an 
effective PACS is unlikely to occur in any one laboratory, or 
in either industry or the university alone. We believe that 
bringing the university together with one or several industrial 
partners has the best chance to build a PACS that will serve 
patients efficiently, effectively, and economically. 
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Academic and Private Practice: Competition, Concession, 


and Conciliation 


Melvyn H. Schreiber’ 


Conflicts between private and academic physicians are 
often expressed with a self-righteousness that suggests hid- 
den motives. This essay is an effort to understand the sources 
of conflict and the possibilities of compromise. 

Academic physicians are used to criticism; all their activities 
are examined by others, and errors are soon discovered and 
exposed. They tolerate that state of affairs because medicine, 
like science in general, is (or ought to be) self-correcting, and 
the consequence of criticism and exposure of error is improve- 
ment of performance. The work of private practitioners may 
not be scrutinized so carefully, though referring physicians 
exercise a quality control of their own. 

Academicians think it unfair that private practitioners earn 
so much more than they do. They overlook the fact that 
private practice requires long hours of labor and provides little 
or no protected time. In turn, private practitioners, who pay 
taxes, part of which go to support educational institutions, 
including medical schools, wonder if they and the public are 
getting their money’s worth from academicians whose Clinical 
assignments may be infrequent, whose teaching may be 
undistinguished, and whose research may be unfunded and 
unknown. 

Reasons for conflict and mistrust abound. As long as self- 
justification requires exposure of the other person as a fraud 
or rascal, so long will physicians find ammunition to keep the 
conflict going. 

Academicians pursue careers that satisfy them. They enjoy 
sharpening their skills in many areas: patient care, teaching, 
research, and administration. It is wrong to say that they give 
up the income of a private practitioner to pursue these ambi- 
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tions. Phrasing the situation in that way guarantees resent- 
ment toward those who opt for private service. Academicians 
choose their careers and accept the salaries that go with 
these positions because doing so satisfies their needs and 
serves their values. To say that others must share those 
values or be, by definition, inferior is both arrogant and 
wrongheaded. The academician has other compensations of 
great value: the excitement of discovery; the satisfactions of 
publication; the pleasure of seeing another well-trained grad- 
uating class complete its studies; and the pleasures of con- 
nection with patients, students, residents, fellows, and other 
faculty persons. The compensations of private practitioners 
are different, though some may be similar. Their satisfactions 
largely center on the results of patient care and the esteem 
of referring physicians and the community. Some physicians 
are able to pursue both careers with equal vigor and enthu- 
siasm, and although few can aspire to that, these persons 
may provide a key to town-gown interaction and cooperation. 
Part of the conflict exists because each side believes that 
the other has little respect for its opinions. The truth is that 
each side often knows too little of the other's opinions to 
form a judgment. Stereotyped motives are imputed by one 
group to the other, and little communication really occurs. In 
addition, each side assumes that the other is united against 
it, when in fact neither side is particularly united at all. 
Academicians tend to think of themselves as persons on 
the leading edge of the knowledge and practice of their 
specialty, and they usually are. Private practitioners, however, 
see academicians as unfortunately overfocused and lacking 
in those qualities of a physician that predictably are translated 
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into benefit for the patient. Academicians tend to disparage 
somewhat the quality of private practice, and private practi- 
tioners impute arrogance and preoccupation with trivial details 
to academicians. 

In institutions in which faculty members are paid a salary 
by the medical school or by the state, perceptions arise in the 
town’s private practitioners that some or all of the faculty are 
profiting financially under the umbrella and with the subsidi- 
zation of the institution or of the state (to which private 
practitioners pay taxes). Faculty members, on the other hand, 
realize that the portion of their personal incomes that is 
derived from the medical school or from the state is quite 
small and that unless they pursue income from professional 
fees, they will be unable to continue in academia. They 
consider their salaries from the state or the institution to be 
compensation for teaching and for administration. Few insti- 
tutions provide specific subsidies for patient care, even indi- 
gent patient care, though the hospital is often subsidized in 
that regard. Professional fees are one of the few avenues 
open to academic physicians to improve their incomes suffi- 
ciently to justify continued pursuit of such a career. 

These observations bring into sharp focus what many 
believe to be the source of the basic conflict, namely, com- 
petition for professional fees. Private practitioners argue that 
academicians are in an unfair position, subsidized by the 
institution or by the state, supplied with all of the best in high 
technology, and helped by legions of residents and students. 
How can private practitioners compete with physicians in 
academic institutions if these academicians take unfair advan- 
tage of a privileged position? Academic physicians, for their 
part, see competition as inevitable if they and their institutions 
are to survive. Moreover, they see their salary expectations 
as quite modest. 

In terms of competition, a reduction in state or institutional 
Support for academic physicians would be the worst thing 
that could happen to private practitioners. That would force 
academicians to seek to make up the difference in income by 
engaging even more in the search for professional fees. The 
private practitioner would be well advised to encourage the 
institution or the state to increase subsidies to medical school 
faculties, a step that would allow faculty members to pursue 
their academic lives without fear of economic collapse. How- 
ever, these are perilous economic times, and increased sup- 
port is unlikely. How can academicians and private practition- 
ers manage their affairs and live together in peace in the 
present and anticipated economic climate? 

Academic physicians must welcome private practitioners 
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back into the university hospital. They must recognize the 
important lessons such physicians can transmit to students, 
house officers, and academic faculty members—lessons 
learned through years of application through practice of the 
knowledge acquired in medical school and elsewhere. That 
private practitioners may not be scientists or even experi- 
enced teachers must not be permitted to impede the devel- 
opment of collaborative relationships, and when their clinical 
practice deviates from academic norms, continuing education 
must be provided. It must be provided in an atmosphere of 
mutual respect (based on mutual benefit), however, and not 
with the attitude that country bumpkins are merely being 
tolerated as part of supporting the institution's best interests. 
Quality control in every area of academic life must be main- 
tained, and quality assurance standards must be applied to 
the visiting faculty of private practitioners as to everyone else. 
Academicians will discover, if they look long and hard enough, 
that such standards may be applied unevenly and less than 
assiduously to their academic colleagues even now. That 
realization should temper the disdain with which the occa- 
sional academician refers to local physicians. 

Private practitioners must recognize that academic physi- 
cians must spend some time practicing medicine to earn 
professional fees. Income from the state, from private medical 
institutions, and from research grants will never be adequate 
to support academicians’ salaries, and unless professional 
fees supplement their income, academicians will be unable to 
continue as teachers, investigators, and practitioners. That 
will mean inevitably that training programs will deteriorate, 
the reputation of our specialty will decline, and our rightful 
and important place in medicine will be usurped by other 
practitioners. Supporting the academic enterprise as a socie- 
tal priority is the responsibility of private practitioners as well 
as academicians. 

Large doses of direct contact, communication, and per- 
sonal diplomacy will help resolve differences, and patience 
will be necessary. Although economic verities may dictate the 
need for change, only human beings with decent impulses 
can make changes work. If strong personal feelings of per- 
secution, injustice, and impropriety cannot be neutralized and 
tempered by good persons on both sides who see the greater 
good of society and of individual patients as foremost, then 
little of permanent value will occur. One definition of a profes- 
sional emphasizes the dedication of such a person to the best 
interests of others before himself. That is the key to the 
solution: attention to the needs of patients, students, house 
officers, and the greater society of which they are a part. 
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Beyond Radiology Training: A Guide to Career Choice 


David J. Sartoris' 


It is unfortunate but true that despite the goal of most 
academic radiology departments to turn out academicians, 
the majority of graduating residents pursue careers in private 
practice. The reasons for this tendency are numerous and 
diverse. Traditionally, private practice has offered greater 
financial rewards, a consideration of particular importance to 
married individuals with families. Furthermore, although the 
workday itself may be more hectic, the “homework” (writing, 
compiling research papers, preparing lectures, and so forth) 
of academia typically is absent, resulting in more free time for 
the pursuit of outside interests. Private practice also generally 
affords the radiologist the opportunity to remain a generalist 
in contradistinction to the emphasis on subspecialization 
found within the academic community. Owing to these and 
other advantages, it is also commonplace to find individuals 
leaving academia in favor of private practice, whereas the 
converse is a rare occurrence. 

This editorial is offered as an enlightenment to radiology 
residents and fellows in training. It proposes that academia is 
in fact the more exciting and rewarding road to travel within 
the profession. Of all its positive attributes, diversity is per- 
haps the greatest; it is fair to state that no two days in the 
life of an academic radiologist are alike; hence, constant 
stimulation is the rule. Positive feelings of personal contribu- 
tion also abound, ranging from important activities of patient 
care to teaching at a variety of levels to breakthroughs in 
research endeavors. Involvement in administrative concerns 
related to departmental and hospital affairs constitutes a 
potential additional rewarding aspect of an academic career. 
Travel opportunities are far more abundant than in private 
practice, and frequently funding is provided by the sponsors 
of the meeting at which the individual has been invited to 
speak. Such trips provide valuable insight into the practice of 
radiology in other parts of the country and world and allow 
for the development of numerous interesting new acquaint- 
ances as well as lifelong friendships. An academic career also 
mandates that faculty members work at the forefront of their 
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subspecialties, maintaining active awareness and application 
of the most recent innovations and serving as consultants to 
the generalists in private practice. 

The foregoing are only the tip of the academic iceberg, for 
what lies behind obvious daily work activities is frequently 
just as interesting, rewarding, and stimulating. Involvement in 
the activities of a major publication, including review of man- 
uscripts and books, abstraction of journal articles, editorial 
work, or written formulation of opinions (Such as this), con- 
stitutes an important example. The academician also may be 
invited to write review articles, book chapters, radiologic 
teaching columns for clinical journals, or summaries of lecture 
presentations for course syllabi. Faculty members also may 
be asked to serve in an advisory capacity for clarifying court 
cases related to medical malpractice; planning the content of 
scientific meetings and courses; or establishing local, regional, 
or national policies related to radiologic practice. Solicitation 
of grant support for radiologic research is an additional poten- 
tiai avenue of creative expression. Telephone and personal 
interviews for radiologic publications, newspapers, and mag- 
azines read by the general public and for radio or television 
also can become a feature of the academic life-style. 

The foregoing is by no means an exhaustive list of the 
many desirable aspects of a career in academic radiology, 
nor is it intended to denigrate the importance of and satisfac- 
tions associated with a career in private practice. However, 
in my opinion, these advantages far outweigh the disadvan- 
tages as compared to private practice, and | hope that more 
trainees in radiology will have similar opinions after reading 
these words. One final important point must not be over- 
looked, however. The academic radiologist must by necessity 
work hard to remain abreast of these numerous and diverse 
activities. Thus, perhaps the ultimate positive feature of aca- 
demic radiology is the personal challenge that it poses. For 
the individual who is willing to accept this challenge whole- 
heartedly, a lifetime of exciting activities, personal reward, 
and interesting experiences is waiting. 
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Meeting News 





Society of Magnetic Resonance in Medicine Meeting in 
Montreal: Impressions and Comments 


William G. Bradley Jr.,' lan R. Young’, and Ray L. Nunnally? 


That MR has become a major force in the clinical practice 
of medicine was obvious to the 1630 attendees of the fifth 
annual meeting of the Society of Magnetic Resonance in 
Medicine (SMRM), August 19-22, 1986, in Montreal, Canada. 
The meeting opened with outgoing president George Radda 
passing the gavel to incoming president Jerry Pohost. Larry 
Crooks was awarded the Gold Medal of the Society for his 
many contributions to the field. The large number of papers 
and posters that were accepted for the 4-day meeting gen- 
erated 1862 pages of abstracts requiring five separate vol- 
umes with a total weight of just under 10 pounds. The 
combined information in these volumes provides an excellent 
(if somewhat weighty) state-of-the-art summary of magnetic 
resonance in medicine. These books are available from the 
society business office (1500 Shattuck Square, Ste. 204, 
Berkeley, CA 94704; telephone: 415-841-1899). In the follow- 
ing summary, the page number of the abstract or work-in- 
progress (WIP) is given in parentheses. 


Clinical Developments 


While clinical applications of MR imaging in the brain and 
spine have dominated previous meetings of the society, new 
techniques have allowed the number of uses of MR for other 
parts of the body to increase. In fact, the number of papers 
dealing with body imaging exceeded the number of neurora- 
diology papers this year. The increasing availability of rapid- 
scanning techniques (which permit image acquisition during 
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periods of breath-holding) extended the use of MR to regions 
of the body previously degraded somewhat by respiratory- 
motion artifact. A large number of papers was generated by 
the increasing implementation of gadolinium(Gd)-DTPA. Sev- 
eral authors presented work on new superparamagnetic, 
magnetically susceptible contrast agents (e.g., ferrites) (21, 
421). The use of such particles for imaging of the reticuloen- 
dothelial system (15) was noted, as was their potential for 
binding to monoclonal antibodies (17, 1469). 


Brain 


The use of fast-scanning techniques with reduced flip an- 
gles and gradient or “field” echoes was demonstrated in the 
brain (3; WIP, 105). By decreasing the flip angle from the 
usual 90° to 20-30° and by using gradient reversal rather 
than the usual 180° pulse to form the echo, heavily T2- 
weighted images could be acquired with repetition times of 
300 msec and echo-delay times of 50 msec (3). The use of 
“age-adjusted” inversion recovery sequences was shown in 
the evaluation of cystic leukomalacia in children (723). High- 
intensity “gliosis” on T2-weighted MR images was correlated - 
with histopathology (799, 795). MR was shown to be more 
useful than CT in the evaluation of patients with benign 
intracranial hypertension (796), partial complex seizures (809), 
and posttraumatic amnesia (WIP, 97); it was not found to be 
particularly useful in the evaluation of injured boxers even 
with significant clinical deficits (721). In the animal model of 
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multiple sclerosis (MS) (experimental allergic encephalomye- 
litis), acute lesions could be differentiated by MR from the 
more hemorrhagic chronic lesions (794). MS plaques in the 
optic nerve causing optic neuritis were shown by using short- 
TI inversion-recovery (STIR) sequences (WIP, 99). In patients 
presenting only with optic neuritis, an abnormal MR study in 
the brain correlated with development of additional clinical 
findings of MS within 16 months (774). In the evaluation of 
eight patients with Parkinson’s disease, the widths of the 
substantia nigra nuclei were shown to correlate inversely with 
severity or duration of the disease (733). 

The enhancement pattern of Gd-DTPA in the brain was 
shown to parallel that of iodinated contrast on CT (537) in 
tumors (541, 788), subacute infarcts (539, 728), MS (543), 
hematomas, aneurysms, arteriovenous malformations 
(AVMs) (537), and orbital hemangiomas (1494). Gd-DTPA was 
found to be useful in the evaluation of pituitary microadeno- 
mas because the normal gland enhanced shortly after injec- 
tion while the tumor did not (592). GD-DTPA, in combination 
with dynamic (5-sec) MR scanning, showed different enhance- 
ment patterns for meningiomas, acoustic neuromas, pituitary 
adenomas, and metastases (811). 

CSF motion within the ventricles was shown to cause 
increased (801) or decreased (768, 782) signal in normal 
subjects and in hydrocephalic patients (768). Specialized puls- 
ing sequences were used to demonstrate brain motion (766) 
and to quantitate the velocity (131) of CSF. 


Spine 


Differentiation of posttraumatic myelomalacia, hydromyelia, 
and posttraumatic cystic myelopathy was demonstrated by 
use of MR (105). Use of Gd-DTPA in the evaluation of spinal 
tumors was shown (545, 741). Pulsation of CSF through the 
spinal subarachnoid space was quantified (108) and was 
shown to produce an artifact (739). Cardiac gating was shown 
to remove these flow artifacts (5, 1053), increasing the sen- 
sitivity of detection of spinal MS, which can now be seen even 
in the absence of intracranial disease (750). 


Head and Neck 


MR was shown to be better than CT or sonography in the 
evaluation of parathyroid adenomas (557, 1294). Long-TR/ 
long-TE images of the thyroid were shown to be best for 
distinguishing solitary nodules from multinodular disease 
(1309) although thyroid adenomas could not be distinguished 
from thyroid carcinomas (1324). Evaluation of the temporo- 
mandibular joint was facilitated by a new 3D Fourier transform 
(FT) “multi-slab” technique allowing acquisition of 1.6-mm- 
thick, contiguous slices; with such a technique, excellent 
correlation was shown between MR findings and surgical or 
pathologic findings in 84 cases (2793). 


Cardiovascular 


The appearance of flowing blood was evaluated on several 
rapid-scanning techniques (123, 125, 127). Specialized MR 
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techniques were used to evaluate pulsatile blood flow (129) 
as well as to perform peripheral (66) and carotid angiography 
(106, 1095, 1097). MR flow-measurement techniques in the 
carotids correlated well with results obtained from Doppler 
sonography (1103). MR was better than CT or angiography 
in the evaluation of giant intracranial aneurysms (744) and 
useful in the evaluation of aortic dissection (387, 388). Con- 
jugation of Gd-DTPA with albumin (allowing retention within 
the vascular space) provided a potentially new perfusion agent 
(969, 1141, 1480). A new nonionic form of Gd-DTPA was 
shown to improve tolerance for high-dose intravascular and 
intrathecal applications (1465). 

A number of investigators demonstrated the use of rapid- 
scanning techniques for cinecardiac display (64, 247, 357, 
394, 930, 1101; WIP, 49, 51), the intraluminal signal (and flow 
artifacts) decreasing at low flip angles and increasing as the 
flip angles approached 90° (930). Such cinetechniques were 
applied to the evaluation of congenital heart disease (357) 
and, by use of focal-wall thickening, to the evaluation of acute 
myocardial ischemia (370, 394). Measurement of left ventric- 
ular ejection fraction and left ventricular mass by MR was 
better than that obtained by nuclear cardiology (358, 368) 
and compared favorably with contrast ventriculography (245). 
Oblique imaging along the long and short axes of the heart 
allowed MR to be competitive with echocardiography in the 
evaluation of obstructive cardiomyopathy (239) and chronic 
infarction (364). Ischemia-induced changes in relaxation times 
were demonstrated (241, 383, 398, 400, 402) in as short a 
period as 10 min after left anterior descending artery (LAD) 
occlusion and reflow (241). Gd-DTPA was proposed for the 
evaluation of myocardial ischemia (374, 380) and in combi- 
nation with dipyridamole-induced hyperemia as an “MR im- 
aging stress test” (243). Whereas MR was found to be 
competitive with sonography in the evaluation of atrial and 
pericardial masses, it was less satisfactory in the evaluation 
of left ventricular thrombi after infarction (404). In the evalua- 
tion of patency of 54 coronary artery bypass grafts, MR was 
found to be comparable to CT or selective angiography, 
although the accuracy was no better than 89% for any 
particular technique (390). 


Abdomen 


Short-TR/short-TE images were shown to be more sensi- 
tive than contrast-enhanced CT (even with EOE-13) in the 
detection of liver metastases (319, 1242, 1282). Primary liver 
tumors were better shown by STIR with respiratory-ordered 
phase encoding (ROPE) than by CT (with the exception of 
cholangiocarcinomas) (1240). On such STIR sequences, im- 
age quality was improved because of the lower signal from 
subcutaneous fat, which decreased respiratory-motion and 
chemical-shift artifacts (1273). Although MR has been advo- 
cated as a cost-effective screening technique for solitary liver 
lesions (347), it remains less sensitive than sonography to 
biliary dilatation (1259, 1327). 

Rapid-scanning techniques with reduced flip angles and 
gradient echoes were shown to decrease imaging time by a 
factor of 10 while preserving signal-to-noise on T2-weighted 
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images (317); at this time, however, image quality was still 
thought to be less than that achievable with conventional 
techniques (317). When such techniques are used within the 
first few minutes of injecting Gd-DTPA, there is markedly 
improved contrast between tumor and normal liver (23, 321). 
Newer contrast agents for liver imaging, such as Gd-DOTA 
(1533) and Fe-EHPG (1484, 1506), were discussed. Both 
signal-enhancing Gd-DTPA (1522) and signal-decreasing inert 
magnetite (1537) were proposed as potential oral MR contrast 
agents. 


Pelvis 


In the MR evaluation of the enlarged prostate (1275), 
glandular benign prostatic hypertrophy (BPH) was shown to 
be associated with a pseudocapsule and increased intensity 
on T2-weighted images whereas interstitial BPH had hetero- 
geneous signal intensity and no pseudocapsule. The signal 
intensity of prostatic carcinoma was found to be isointense 
(31%), increased (18%), decreased (33%), or heterogeneous 
(18%) compared with that of the normal prostate on T2- 
weighted MR images in 65 patients (1275). BPH and prostate 
carcinoma were shown to have similar relaxation times (1216). 
While MR is certainly useful in the staging of extracapsular 
prostatic carcinoma, transrectal sonography was better 
(1251). BPH was noted to enhance more than prostatic 
carcinoma with Gd-DTPA (1496). 

In the evaluation of menorrhagia, myomas could be distin- 
guished from adenomyosis by MR (62). Long-TR/long-TE 
images were more sensitive for the evaluation of cystic ad- 
nexal structures; short-TR/short-TE sequences were more 
specific for the detection of subacute hemorrhage or fat 
(1257). MR was able to distinguish solid from cystic adnexal 
masses as well as sonography but was less capable of 
detecting loculations and mural nodules within cystic masses 
(1249). 


Musculoskeletal 


MR was as accurate as arthrography in the evaluation of 
meniscal tears and more accurate than arthrography for the 
evaluation of ligamentous injuries. Globular or linear high 
signal intensity within the meniscus not extending to the 
articular surface was thought to represent mucinous degen- 
eration, whereas high intensity clearly extending to the artic- 
ular surface was shown to correlate with a meniscal tear (279, 
1197). 

High signal intensity in the subchondral endplates of spon- 
dylitic lumbar spines was shown to correlate with increased 
fat content (281), possibly on the basis of resorption of disk 
material (1159). 

STIR sequences (which suppress fatty yellow marrow in 
adults) and partial saturation sequences (which suppress red 
marrow in children) were each useful in the evaluation of 
intramedullary spread of tumor (1161, 1332). Similar se- 
quences were useful in the evaluation of bone-marrow trans- 
plantation in leukemia patients (577). MR was thought to be 
better than radiographs and bone scanning for the detection 
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of vertebral metastases (1167); with heavily T2-weighted 
images, MR was more sensitive than bone scanning, radio- 
graphs, or CT in the differentiation of osteoporosis from 
metastatic disease (because of the longer T2 of metastases) 
(1184). 


Technical Developments 


Imaging equipment has now achieved a considerable de- 
gree of sophistication, so it was not surprising that there were 
no major new developments. Topics such as the form of 
pulses for selective excitation and flow still incite much inter- 
est, and the big problem of the design of probes (receiver 
coils) provided some novel innovations. Fast imaging was just 
emerging last year but became a major subject this year, 
leaving one to speculate on which of this year’s glimmers of 
excitement will be next year’s major interest. 


RF Waveform and Coil Considerations 


Because it involves an understanding of the basic MR 
process, many researchers continue to be interested in both 
theoretical and practical studies of the form of RF pulses and 
the associated selection gradients. Computer simulation is 
readily accomplished and was applied both to general prob- 
lems (526, 1456) and to a variety of nonlinear RF pulse forms 
(1400, 1444). Several investigators concentrated on magnet- 
ization inverting pulses (1404, 1432). There were several 
presentations involving frequency-selective procedures 
(1452; WIP, 237), although they were applied mainly in the 
context of defining regions for spectroscopy. The most prac- 
tical results in this area were obtained by plotting the profiles 
obtained from wedges; one paper (1571) reviewed various 
methods employed for determining slice shape, suggesting 
that the differences among them are small. 

Receiver-coil design, the key to much of machine perform- 
ance, attracted significant attention. There was some discus- 
sion of the components used for fabrication (453, 491), and 
some detailed comparisons of different designs were pre- 
sented (213, 215). The problems of dielectric loss and its 
effect on coil performance were studied by several research- 
ers (465, 1438), although the problems were found to be 
readily contained. A variety of coils with individual features 
suited for specific applications were described, both for low 
(55, 207) and high (51, 201) fields. The problems of quadrature 
receivers and transmit/receive decoupling were examined 
(183, 199) with positive conclusions. 

For some years the surface coil has held sway as the most 
discussed MR receiver, but this year several presentations 
raised the question more persistently as to whether more 
complex structures might not be preferable (49; WIP, 43), 
while some investigators examined more complex surface- 
coil configurations (47). Perhaps of greatest interest was the 
design of noninteracting coil systems, with their theoretical 
potential to simultaneously acquire data from more than one 
region at a time (43, 45). There was continuing discussion of 
resonators for high-field imaging (177, WIP, 39) and spectros- 
copy (219). A few researchers described dual-frequency coils 
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and demonstrated compatible imaging and spectroscopic ca- 
pability (179). 

The design of coils for implantation (181, 223) or insertion 
into body orifices was discussed in some detail, particularly 
the need for connections to the coils (57) and methods to 
expand and hold the probe in place (197). One group de- 
scribed the development of catheter probes, including a re- 
ceiver coil that can be expanded after insertion (209). A 
problem that requires satisfactory resolution before such coils 
are used practically is the rapid determination of both the 
location and orientation of the coil (1131). 


Instrumentation 


One new magnet design was mentioned (489), and there 
were a limited number of contributions on shimming (493; 
WIP, 233, 235). Self-shielded gradient coils were described 
(455, 1067). These are coil structures in which additional 
windings are used to stop the spread of the gradient fields, 
thereby avoiding eddy-current problems. 


Signal-Processing Techniques 


Acquiring half the normal data set (in either direction of the 
2D FT) is a legitimate strategy that does not sacrifice image 
quality, although it is less useful to do so in the frequency- 
encoding (265) than in the phase-encoding (951) direction. 
Algorithms designed to assist in controlling artifacts in the 
phase-encoding direction are being developed, and may well 
help control a major source of undesirable noise effects in 
in vivo MR imaging and MR spectroscopy (499, 1446). Max- 
imum entropy methods (MEM), which seemed to offer much 
potential last year, were described skeptically by several 
authors (261, 495), although one investigator (WIP, 83) be- 
lieved that using MEM only in the phase-encoding direction 
was valuable. 

Work was described on means for image segmentation 
and contour detection (506, 512), which are processes 
needed for registration of images from different equipment 
and studies (516); others concentrated on such methods as 
the principal component transformation that can help sub- 
stantially in compressing the vast amount of data available 
(227). 

The aim of making accurate and meaningful measurements 
of MR tissue parameters has inspired many researchers 
(1569, 1575) and work on multiecho sequences is still relevant 
(235, 522). Calculation of T1 and T2 from standard magnitude 
images is still open to error (514). 


Fast-lmaging Methods 


All the sequences described were variants of a field echo, 
with excitation by precession angles often much smaller than 
the 90° flip of conventional methods, repeated at intervals as 
short as 20 msec. Signal and contrast in these circumstances 
are substantially different from those normally encountered 
(661, 942), and speed is such that three-dimensional imaging 
is completely acceptable (663). Some researchers (926) be- 
lieved that T1 could be measured by adjustment of the 
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precession angle, but others doubted it, citing slice-shape 
problems (924), and still others (922) favored forms of multiple 
inversion recovery. 

Because repetition times in these methods are short com- 
pared with both time constants, the system is likely to become 
steady state, which can have significant implications for the 
contrast developed in the images. Several authors described 
steady-state—free precession (SSFP) methods, reminiscent of 
much of the original work at Nottingham (666, 944); others 
used variants of driven equilibrium Fourier transform (DEFT) 
(920; WIP, 154), another early method of imaging. The differ- 
ence is that now imaging is 2D FT, which uses much reduced 
precession angles, whereas earlier imaging was back projec- 
tion. 

Flow visualization by using fast-imaging methods was 
shown in several ways, including methods such as the chang- 
ing intensities of the signals of blood entering a quasi-satu- 
rated slice (WIP, 11). This technique may present difficulties 
in quantification, but there is no doubt of the spectacular 
impact of the movies resulting from acquiring sets of images 
synchronized by using ECG gating (106, 125), and clinical 
application is eagerly anticipated. 

The potential of echo-planar imaging has been apparent for 
some time. Development of T2-based contrast (657, 948), 
indication of CSF flow (699), and methods for obtaining a 
reduced field-of-view (950) were described. Other strategies 
for using imaging space were described (659), and alternating 
gradient methods, although used to acquire much less of an 
image at a time, were investigated further (934, 1396). 

In many fast systems stimulated echoes are an embarass- 
ment (1061). Most interest in it as an imaging technique 
concentrated on its potential for the indication of flow and 
diffusion effects (627, 1460), although it does not seem to 
offer much advantage over simpler systems. 


Flow Imaging 


The appearance of flow has continued to be a matter for 
study (1099) although the substantial amount of time taken 
in high-quality flow-sensitized procedures remains. Presen- 
ters have investigated many strategies to improve measure- 
ment, with wash-out and time-of-flight methods (despite ear- 
lier reservations) receiving attention (84, 94). 

Pulsatile flow has been responsible for many MR imaging 
artifacts, as analysis shows (1567). Several investigators 
showed how its effects could be largely eliminated by the use 
of extra, quite complex, gradient patterns (100, 133; WIP, 1) 
that can be used to desensitize flow effects completely, or to 
leave only one out of velocity or acceleration still measurable. 
Fast-imaging methods are also seen as a way to cope with 
the problem (74). 

Serious attempts to measure perfused flow were a new 
development, although it was perhaps most coherently pre- 
sented as a bulk effect not really separated from diffusion, 
which has similar consequences to the signal in most circum- 
stances (WIP, 7). Several contributions reported encouraging 
progress on perfusion measurement (102, 629) and there 
were also useful ideas about the measurement of diffusion 
(1125). 
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New Techniques 


The major technique showing a substantial growth in inter- 
est over previous meetings was MR microscopy, with 10-um 
resolution now possible (1121). Several papers considered 
the effects of diffusion on microscopy performance, as they 
may well prove to be the ultimate limitation to performance 
(1422). There was some discussion about the definition of 
“microscopy.” Some contributors believed that 0.5-mm slice 
thickness was hardly appropriate to a microscopy and that 
in-plane resolutions of 20-100 um in conjunction with such 
slices meant quite substantial voxels. However, useful biolog- 
ical and other results were reported by several groups (1119; 
WIP, 229) and chemical-shift microscopy was reported (WIP, 
231). 


Spectroscopy 


The number of nuclides used for medical MR spectroscopy 
continues to expand. Reported in this year’s abstracts were 
studies that used 'H, °H, ’Li, 1°C, '°F, Na, °'P, and °K. A 
brief summary of each major organ classification is provided 
below, along with highlights. 


Brain 


The brain was the most studied organ on the basis of a 
count of the abstracts (45, 78, 119, 249-260, 293-306, 579, 
585, 662-694, 1071-1088, 1105-1116, 1331-1394: WIP, 
166-171, 209-222). Of particular note were the reports on 
human brain metabolism by using °'P MR (1085, 1087, 1107, 
1347), a simple and direct 'H MR measurement for determin- 
ing cerebral blood flow (78), the assessment of glucose 
metabolism in the brain of a primate by using °C MR (WIP, 
166), and the in vivo use of deuterium for imaging (305). 

For both spectroscopy and imaging studies of the brain '°F 
MR is gaining popularity (249-260, 1339, 1343, 1376; WIP, 
211, 219). The principal potential applications for °F MR are 
cerebral blood-flow measurements and analyses of brain gly- 
colytic activity and of anesthetic-agent pharmacokinetics, bio- 
distribution, and half-life properties. The studies of glucose 
uptake and metabolism and anesthetic-agent distribution and 
extension have spawned some controversy that requires 
careful experimentation to resolve. 

In the area of relaxometry, the development of spatially 
resolved volume-detection methods (e.g., spatially resolved 
spectroscopy, or “SPARS”) now permits the direct, multipoint 
analysis of proton T1 and T2 in the brain. The most notable 
of these studies was done for a human brain tumor, and the 
finding was that T2 displays multiexponential behavior (585). 


Heart 


The heart was the next most actively studied organ in the 
spectroscopy category. As in past meetings, the research 
activity concentrated on studies of creatine kinase kinetics by 
magnetization transfer and 2D MR (283, 285, 860, 862, 979: 
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WIP, 17, 139); ischemic injury, hypoxia, and reperfusion dam- 
age and recovery (382, 604-613, 618, 620, 864, 865, 877, 
879, 887-896; WIP, 119, 121, 131, 137, 142); transplantation 
and rejection (614, 616; WIP, 141); myocardial metabolism 
and drug effects (285, 287, 291, 622, 858, 862, 869; WIP, 
117, 123, 129); and the hypertrophic heart (867, 881, 885). 
Substantial interest and activity was apparent in the explora- 
tion of possible uses of sodium and potassium MR for the 
assessment of the normal and ischemic heart (871-876; WIP, 
135, 137). The high quality of °'P MR spectra that can be 
obtained from the human heart in vivo (604) deserves special 
attention. There were continuing studies of the rates of ATP 
synthesis and hydrolysis in perfused hearts (860, 862), as 
well as cardiac spectroscopy, nonproton imaging, and relax- 
ometry (283-292, 382, 604-623, 858-896; WIP, 117-143). 


Other Tissues 


Numerous spectroscopic studies of the liver were reported 
(561-572, 653-656, 901-913, 916-919; WIP, 146-149). Par- 
ticularly interesting and important were the reports on human 
liver with °'P MR (561) and °C MR (571), the first report on 
antitumor drug metabolism in the human liver by use of '°F 
MR (653), and the report on normal control of ketone-body 
production with °C MR (565). Spectroscopic studies of kid- 
ney function and metabolism were reported (645, 1009, 1017, 
1021, 1025, 1028; WIP, 172-179). Studies of intestinal func- 
tion were presented (329, 899, 914, 989). 

Contributions on the study of skeletal muscle were numer- 
ous (339-346, 425-427, 430-452, 830, 844; WIP, 67-76). 
Particularly useful reports included a study on the influence 
of congestive heart failure on skeletal muscle exercise (341), 
changes in metabolic function with denervation (430), muscle 
heterogeneity as measured in an animal study (830), and a 
'H MR spectroscopic study in the human leg (844). 


Cancer 


Spectroscopic research on cancer was an outstanding 
component of this year’s meeting (27-42, 137-152, 155- 
176, 417, 594-603, 971, 1083; WIP, 25-34, 144, 187). Those 
contributions deserving particular attention include the work 
on RNA proteolipid (27, 29, 137), the detection of cyclic 
inositol phosphate in a solid-tumor model (143), the investi- 
gation of glycolysis in human breast-cancer cells and the 
perfusion method for such studies (145, 153), the initial re- 
ports on °'P MR spectroscopy for evaluation of human brain 
tumors in situ (41), and the simultaneous observation of 
lactate and phosphates (including pH) in tumors in vivo (163). 
It is a particularly positive step to have MR spectroscopy 
being used in vivo in human and animal studies of cancer for 
the evaluation of the metabolic consequences of therapy. 
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Review 





Recent Advances in Radiology and Medical Imaging—8. Edited by R. E. Steiner and Thomas Sherwood. New 


York: Churchill Livingstone, 213 pp., 1986. $76.50 


The editors have gone to extensive lengths to prepare updates 
and overviews on selected imaging topics. Some are old (arthritis, 
small bowel, pediatric imaging); some are new (contrast media, head 
and body MR); some are in between (angioplasty, DSA, ARDS); and 
some are technical (digital radiography). There is a wide range of 
material that is generally well presented with ample illustrations 
usually of good quality. A current bibliography is abundant and 
reaches beyond the radiologic literature, a major plus! The index and 
other publication amenities, with the exception of a few printing goofs, 
are adequate. My personal favorites are: CT of the lumbar spine, 
interventional urinary tract procedures, and MR of the CNS. The 
images in the latter chapters are tops. You will appreciate the 
editorializing, particularly by Nixon on “Reporting Lumbar Spine CT 
Studies” and the dilemmas facing the radiologist therein, as well as 
Granger’s comments on the financial implications for the routine use 
of nonionic contrast medium for urography. Shapiro’s comments in a 
recent ACR Bulletin on this topic are relevant to this subject. The 


comments on cost effectiveness are noteworthy, particularly Cum- 
berland’s remarks on angioplasty and the need for cooperation 
among the services. Alexander offers a learned approach to looking 
at bones and joints and Greenspan makes the pathophysiology of 
“shock lung” understandable. There are other valuable insights as 
well. 

Anything written on MR imaging today is exciting and merits a 
lion’s share of space, as is apparent in this issue. But the presentation 
of a short course on small-bowel disease by enteroclysis at the 
expense of expanded discussions on newer interventional techniques 
is not an editorial coup. What is presented is done well. The material 
is readable and informative. One looks forward to future issues, and 
we hope at a more frugal price. This book is recommended for 
radiologists and students alike. 

Murray A. Rosenberg 
Park City Hospital 
Bridgeport, CT 06604 
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ARRS Case of the Day 





Introduction 


The “answers” to the Case of the Day offerings presented 
at the 1987 American. Roentgen Ray Society meeting in 
Miami, FL, are given in the following pages. The images 
exhibited at the meeting and published in the March issue of 
the AJR are reproduced again here along with further illustra- 
tions and explanatory comments. 

The cases used in the “Case of the Day” were taken from 
the files of the Department of Radiology at the University of 
Minnesota Hospital, and the VA Medical Center in Minneap- 
olis, MN. All of the authors are members of the faculty of the 
University of Minnesota Department of Radiology. 

Preparation of a case of the day is a labor of love. There is 
a satisfaction in preparing an interesting case, but at the same 


time it must be challenging, which places greater demands 
on the authors. As the coordinator of this year’s Case of the 
Day, | would like to thank Elizabeth Whalen and the Editorial 
Staff of the Journal for their patience and kind sense of humor 
in working with us; the secretaries of our department, Jean 
Deuel and Steven Anderson, for turning out the work at the 
last minute; and finally the authors themselves who worked 
under great pressure to meet the deadlines. My sincerest 
thanks to all. 


Marvin E. Goldberg 
Department of Radiology 
University of Minnesota 
Minneapolis, MN 55455 
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Chest Case of the Day 


Jeffrey R. Crass,' Deborah L. Day, Janis G. Letourneau, and Marvin E. Goldberg 


Case 1: Cardiomegaly and Increased Pulmonary 
Vasculature Secondary to Arteriovenous Malformation 


This report represents an unusual case of increased pul- 
monary flow. The chest radiograph in Figure 1A shows mild 
cardiomegaly and a significantly enlarged pulmonary arterial 
tree. The hilar pulmonary vessels are quite sharp and extend 
well out into the peripheral third of the pulmonary paren- 
chyma. Some increased tortuosity of the vessels is also noted. 
This is the appearance of active increased pulmonary vascu- 
larity. Increased pulmonary vascularity is usually distinguished 
from passive congestion by the absence of edema. 





It is estimated that pulmonary blood flow must be increased 
by about two and a half times in order to cause visible changes 
on the chest radiograph. The most common causes of in- 
creased flow are central and include intracardiac defects 
resulting in left-to-right shunts and admixture lesions. The 
most common extracardiac cause is a patent ductus arterio- 
sus. Much less frequently, peripheral arteriovenous fistulas 
can also cause this appearance with physiology similar to this 
case [1]. 

In Figure 1B we see a single frame from an abdominal 
aortogram performed on this patient. There is a massive 
arteriovenous malformation involving the right hemipelvis and 





Fig. 1.—Case 1: Cardiomegaly and increased pulmonary vasculature secondary to arteriovenous malformation. 
A, Posteroanterior chest radiograph shows global cardiomegaly and active increased pulmonary vasculature. 
B, Abdominal aortogram shows massive arteriovenous malformation and aneurysmal dilatation of right femoral artery. 





1 All authors: Department of Radiology, University of Minnesota, Box 292 UMHC, 420 Delaware St. S.E., Minneapolis, MN 55455. Cases 1-4 prepared by J. R. 
Crass et al. M. E. Goldberg is coordinator of the Case of the Day series. Address reprint requests to M. E. Goldberg. 
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leg. This was obvious during the clinical examination. Note 

particularly the massive enlargement of the right femoral 
artery, which is essentially aneurysmal in size. 

Jeffrey R. Crass 

Deborah L. Day 

Janis G. Letourneau 

Marvin E. Goldberg 
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Case 2: Amiodarone Lung 


Amiodarone is an antiarrhythmic drug that recently has 
become available for use in the United States. Clinical trials 
have been in progress for some time, and the drug has already 
been used for several years in Europe. Because of its marked 
success in the treatment of otherwise refractory cardiac ar- 
rhythmias, it will probably be in common use someday. The 
patient described in this report had refractory ventricular 
arrhythmia related to ischemic cardiac disease. His initial chest 
radiograph showed pulmonary scarring and the stigmata of 
obstructive pulmonary disease (Fig. 2A). After 4 months of 
amiodarone treatment he presented with increasing shortness 
of breath. The radiograph at that time showed interval devel- 
opment of combined interstitial and alveolar processes, pre- 
dominantly in the perihilar and lower lung zones. Bronchos- 





A 


Fig. 2.—Case 2: Amiodarone lung. 
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copy was performed and, on bronchopulmonary lavage, 
showed typical foamy macrophages diagnostic of amiodarone 
toxicity. 

Clinical pulmonary reactions such as this have been re- 
ported by several groups [1-3] and are becoming more 
commonly recognized. The true incidence and total number 
of cases, however, are uncertain. The typical patient has been 
taking the drug for periods ranging from 1 to 36 months, with 
typical doses in the range of 500-600 mg/day. Apparently, 
amiodarone has a slow elimination period, and the pulmonary 
toxicity is a storage phenomenon [2]. The macrophages seen 
on bronchopulmonary lavage have amiodarone as their foamy 
content. 

Patients typically present with dyspnea, fever, cough, and 
pleuritic symptoms [1]. On chest radiographs, they show 
predominantly peripheral, interstitial, and alveolar infiltrates. 
Poorly defined, patchy, upper-lobe consolidation and pleural 
effusions are also occasionally seen [3]. 

Pulmonary function abnormalities precede radiographic 
changes. The first loss is in diffusion capacity, which results 
in hypoxia; restrictive pulmonary abnormalities are also pre- 
sent in the early stages [2]. 

The major differential considerations for amiodarone toxic- 
ity are infectious pneumonitis or congestive heart failure. 
Discovery of the typical macrophages on bronchopulmonary 
lavage is diagnostic. 

Jeffrey R. Crass 
Deborah L. Day 
Janis G. Letourneau 
Marvin E. Goldberg 





A, Posteroanterior chest radiograph on 10-11-1984 shows pulmonary scarring and stigmata of chronic obstructive pulmonary disease. These findings 


had been stable for some years. 


B, Chest radiograph on 7-18-1985 shows interval development of a diffuse interstitial and alveolar process with basilar and perihilar predominance. 
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Case 3: Thymoma 


The young woman described in this case developed an 
anterior mediastinal mass during a 3-year follow-up interval 
for an asymptomatic heart murmur and main pulmonary artery 
prominence. A CT scan showed a focus of calcification within 
the mass (Fig. 3). After percutaneous needle biopsy, a diag- 
nosis of epithelial thymoma was made. 

Tumors of the anterior mediastinum are not uncommon. 
Patients typically present with vague chest pain or discomfort 
or a cough. Often these tumors occur in asymptomatic pa- 
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tients and are found during routine screening studies. Occa- 
sionally patients present with superior vena cava syndrome 
and related stigmata [1]. The classic differential considera- 
tions for an anterior mediastinal mass are lymphoma, germ 
cell neoplasm, thymoma, and, if superiorly located, thyroid 
disease [2]. The relative prevalence of these varies; in one 
series the incidence of thymomas was twice that of lympho- 
mas, with an intermediate number of germ cell lesions [1]. 
The presence of calcification in this case makes the diagnosis 
of lymphoma very unlikely; calcification in untreated lympho- 
mas is virtually unknown. The mass was lower in the medias- 
tinum than is typical for thyroid. The prime differential, there- 
fore, is between thymoma and germ cell neoplasm. Needle 
biopsy showed thymoma. 

Thymomas are neoplastic growths of the thymus gland 
seen most frequently in older patients, with most presenting 
in the fifth and sixth decades of life. There is a mild female 
predominance. Fifty-nine percent of patients have associated 
autoimmune disease of some sort; myasthenia gravis is the 


Fig. 3.—Case 3: Thymoma. 

A, Posteroanterior chest radiograph in 1983 is normal except for mild 
prominence of the main pulmonary artery segment. 

B, Posteroanterior chest radiograph in 1986 shows a large anterior 
mediastinal mass. 

C, CT scan through mediastinal mass shows a focus of calcification 
within mass. 
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most common of these. Approximately 15% of patients with 
myasthenia will have a thymoma. However, 25-50% of pa- 
tients with thymic tumors will have myasthenia gravis [3]. 
This patient did not have any stigmata of myasthenia or of 
any other autoimmune process. 

Radiologically, thymoma typically presents as a mass cen- 
tered at the junction of the heart and great vessels. It is round 
or oval in shape with smooth or lobular margins. Calcification 
is sometimes apparent even on plain films. It is responsible 
for about 15% of all mediastinal tumors [2]. 

Survival depends on both cell type and invasiveness. Thy- 
momas show a spectrum of lymphocytic vs epithelial predom- 
inance with the lesion; epithelial thymomas, as in this case, 
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show a relatively poorer prognosis. There is also decreased 

survival with increasing invasion into adjacent structures such 
as the pericardium or, as in this case, the pleura [3, 4]. 

Radiographic evaluation usually consists of plain film and 

CT scanning. CT has not been reliable in diagnosing the 

presence of invasion unless the invasion is quite severe 

because of the absence of a normal fat plane between the 

thymus and the pericardium and pleura. Whether MR will aid 

in that diagnosis is yet to be determined. 

Jeffrey R. Crass 

Deborah L. Day 

Janis G. Letourneau 

Marvin E. Goldberg 








Fig. 4.—Case 4: Pulmonary trunk sarcoma. 

A, Posteroanterior chest radiograph shows lobular mass involving right 
hilar region and mediastinum. Pulmonary vascularity on right side is de- 
creased. 

B, Perfusion lung scan with technetium macroaggregated albumin 
shows no perfusion of the right lung. 

C, CT scan with IV contrast enhancement shows a mass involving entire 
right pulmonary artery and extending into proximal left and main pulmonary 
artery. A = aorta; PA = pulmonary artery. 
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Case 4: Pulmonary Trunk Sarcoma 


Pulmonary trunk sarcoma is a rare tumor and was first 
reported by Mandelstamm [1] in 1923. At the present time 
only 46 have been reported in the English-language literature. 
Although the ages of patients can vary from 21 to 80 years, 
most are from 45 to 55 years old. The clinical presentation is 
variable, however, with dyspnea, shortness of breath, pain, 
and cough being the most common symptoms. The present- 
ing signs are caused by a pulmonary outflow tract murmur 
and right-sided heart failure [2]. 

Radiographic abnormalities in most patients reveal either a 
hilar mass, as in our patient (Fig. 4), or a hilar infiltrative lesion. 
Decreased pulmonary vascular markings secondary to ob- 
struction of the pulmonary artery are occasionally noted. 
Metastatic nodules may also be present [2]. 
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The initial diagnosis was made at postmortem examination 
in approximately 62% of those cases reported. This delay in 
diagnosis is probably due to (1) the fact that the lesion is 
inaccessible to surgical intervention and (2) the best diagnos- 
tic methods have only recently become available. Pulmonary 
trunk sarcoma is a virulent tumor unless completely resected. 
In the 38% of those reported who underwent surgery, 25% 
died early in the postoperative period. Of 46 total cases, only 
five were alive at the time the case was reported. Survival in 
others ranged from 5 to 51 months [2]. 

In most cases, resection is not possible. In this case, the 
main, right, and central left pulmonary arteries were involved 
with the tumor. 

Jeffrey R. Crass 
Deborah L. Day 
Janis G. Letourneau 
Marvin E. Goldberg 
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JA, Crumley RL, Webb WR 

Chest-wall invasion by carcinoma of the lung: detection by MR imaging. 
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OPINION 


Academic radiology: a personal reflection on past and future challenges. 
Bragg DG 
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Abdominal Case of the Day 


Janis G. Letourneau,’ Deborah L. Day, Jeffrey R. Crass, Marvin E. Goldberg, and D. Gordon Drake 


Case 1: Nonfunctioning Islet Cell Carcinoma of the 
Pancreas 


A 56-year-old man was admitted to the hospital in August 
1985 with complaints of nausea, vomiting, and early satiety. 
He also showed signs of weakness, fatigue, anorexia, and 
weight loss. The patient had been followed at the University 


Fig. 1.—Case 1: Nonfunctioning islet cell car- 
cinoma of pancreas. 

A, Venous phase of a selective mesenteric 
angiogram performed in 1978 shows large hy- 
pervascular mass (arrows) situated in head of 
pancreas. 

B, Transaxial CT scan in midabdomen done 
in 1983 shows a lesion partially obstructing de- 
scending duodenum (arrows). 

C, Transaxial CT scan at approximately the 
same level as that shown in 1985 reveals in- 
crease in size of obstructing lesion (arrows). 

D, Lateral view from an upper gastrointestinal 
series also performed in 1985 shows partial gas- 
tric outlet obstruction secondary to pancreatic 
lesion. 





since 1978 when he underwent a choledochojejunostomy for 
obstructive jaundice. At that time he had a 15 x 15 cm 
hypervascular nonfunctioning islet cell carcinoma in the head 
of the pancreas (Fig. 1A) with involvement of the superior 
mesenteric vein. The patient was treated with chemotherapy 
and external beam irradiation. The mass, although smaller, 
was still considered to be unresectable at reexploration. He 








1 All authors: Department of Radiology, University of Minnesota, Box 292 UMHC, 420 Delaware St. S.E., Minneapolis, MN 55455. Cases 1, 2, and 4 prepared 
by J. G. Letourneau, D. L. Day, J. R. Crass, and M. E. Goldberg. Case 3 prepared by D. L. Day, J. G. Letourneau, D. G. Drake, J. R. Crass, and M. E. Goldberg. 
M. E. Goldberg is coordinator of the Case of the Day series. Address reprint requests to M. E. Goldberg. 
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was then treated only with pancreatic enzyme replacement . 
and remained asymptomatic until August 1985, when he 
developed symptoms of upper gastrointestinal obstruction. 
CT documented enlargement of the mass encircling the de- 
scending duodenum (Figs. .1B and 1C), and an upper gas- 
trointestinal series confirmed partial gastric outlet obstruction 
(Fig. 1D). The patient underwent jejunogastroenterostomy. 

The clinical course and radiographic features seen in this 
patient are characteristic of a nonfunctioning pancreatic islet 
cell carcinoma [1-3]. These tumors are hormonally inactive 
and therefore, unlike functioning islet cell tumors, cause symp- 
toms by mass effect or metastases [1, 2]. 

Nonfunctioning islet cell tumors also differ clinically from 
pancreatic adenocarcinomas arising from ductal epithelium in 
that the patient often responds favorably to chemotherapy, 
and occasionally survival is prolonged even in the setting of 
metastatic disease [4]. Nonfunctioning islet cell carcinomas 
tend to be larger than pancreatic ductal carcinomas at the 
time of presentation, with the presence of a large pancreatic 
mass (>10 cm in diameter) being more suggestive of a 
nonfunctioning islet cell carcinoma [3]. Calcifications within 
the mass might also help differentiate these two entities, since 
nonfunctioning islet cell carcinomas have a greater tendency 
to calcify, especially in a coarse, focal pattern [3]. The hyper- 
vascular nature of nonfunctioning islet cell carcinoma, as 
shown by dynamic CT techniques, may also. provide a distin- 
guishing feature [3]. Although encasement of the celiac axis 
or proximal superior mesenteric artery has been thought to 
be limited to ductal carcinoma [3], in this case of nonfunction- 
ing islet cell carcinoma resectability was limited by superior 
mesenteric vein involvement. 

This case allows us to review some of the clinical and 
radiographic characteristics of nonfunctioning islet cell carci- 
noma. The hypervascular tumor seen in this patient was very 
large at the time of the patient’s admission, responded to 
chemotherapy, and caused symptoms secondary to biliary 
and duodenal obstruction. 

Janis G. Letourneau 
Deborah L. Day 
Jeffrey R. Crass 

Marvin E. Goldberg 
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Case 2: Metastatic Malignant Fibrous Histiocytoma 


A 50-year-old man presented to the University emergency 
room in June 1986 with malaise, anorexia, fatigue, and dysp- 
nea. Upon initial questioning he reported that he had been in 
good health until March 1986, ‘when he had a flulike illness 
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that had never completely resolved. Malaise and fatigue were 
associated with a 12-lb (5.4-kg) weight loss. In May 1986 the 
patient began having daily temperature elevations to 102°F. 
The patient, an industrial chemist with a history of exposure 
to hydrocarbons, mentioned in passing the presence of pain 
in his left shoulder since December 1985, diagnosed as a 
“frozen shoulder,” and the presence of a “sebaceous cyst” 
on his back since February 1986. 

On physical examination, a 6 x 6 cm, firm, subcutaneous 
mass was found in the middle back, and mild hepatospieno- 
megaly was identified. The patient’s WBC count was mildly 
elevated, as was the serum alkaline phosphatase; the remain- 
ing laboratory values were normal. Lymphoma was suspected 
clinically, and an abdominal CT scan was performed, identi- 
fying bilateral suprarenal masses (Fig. 2A). 

Biopsy of the mass on the patient’s back was done in an 
attempt to avoid abdominal exploration. Preliminary patho- 
logic reports. suggested the diagnosis of spindie-celi sarcoma, 
and debulking of the retroperitoneal masses was planned. 
The MR imaging was performed preoperatively to document 
patency of the major upper abdominal vessels (Fig. 2B). The 
entire right adrenal mass was removed; the left suprarenal 
mass was enucleated, leaving some adrenal tissue behind. 
Final pathology reports on all specimens suggested the di- 
agnosis of malignant fibrous histiocytoma, with the location 
of the primary tumor somewhat in question. The left shoulder 
was then evaluated, revealing the large, low-density, partially 
calcified, soft-tissue mass situated medially to the humeral 
head and causing destruction and erosion of the scapula 
(Figs. 2C and 2D). It is speculated that this is the primary 
lesion. The patient is now undergoing chemotherapy. 

Malignant fibrous histiocytoma is a mesenchymal tumor 
typically occurring in the fifth and sixth decades of life with 
spindle or round ceils that originate from histiocytes [1, 2]. It 
occurs predominantly in soft tissues (primarily of the extrem- 
ities and retroperitoneum) and in bone [1, 2]. Many tumors 
now designated as fibrous histiocytoma were previously clas- 
sified pathologically under many different names [2]. Thus the 
complete spectrum of radiographic features of fibrous histio- 
cytoma has not been defined. l 

CT examination of malignant fibrous histiocytoma usually 
reveals a mass with a density close to that of muscle; regions 
of lower density are suspected to represent tumor necrosis 
[1,2]. No areas of low attenuation are seen that might suggest 
the presence of fat and, thus, the diagnosis of liposarcoma 
[1, 2]. Angiographically, these are hypervascular tumors; if 
located in the retroperitoneum, they do not invade the renal 
veins or inferior vena cava [1]. Sonographic and scintigraphic 
features are not specific [1]. 

Fibrous histiocytoma may be a much more ubiquitous 
tumor than once believed. Its malignant form is identified with 
increasing frequency as a soft-tissue and bony neoplasm in ` 
the extremities and the retroperitoneum. As awareness of 
this pathologic entity increases, the spectrum of associated 
radiographic features will be better defined. 

Janis G. Letourneau 
Deborah L. Day 
Jeffrey R. Crass 

Marvin E. Goldberg 
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Fig. 2.—Case 2: Metastatic malignant fibrous 
histiocytoma. 

A, Transaxial CT scan of upper abdomen re- 
veals bilateral suprarenal masses of mixed at- 
tenuation (arrows). 

B, Coronal T1-weighted MR image of abdo- 
men also shows large, bilateral suprarenal 
masses (arrows). 

C, Transaxial CT scan of normal right shoulder 
is provided for comparison. 

D, Transaxial CT scan of left shoulder reveals 
a low-density lesion with some regions of high 
density suggesting calcification (large arrows). 
Some erosion and destruction of the scapula 
(small arrow) is also seen. 
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Case 3: Child with Infantile Polycystic Kidney Disease 
and Hypertension 


A healthy 5-year-old boy was found to be hypertensive 
during an otherwise unremarkable prekindergarten physical 
examination. Kidney and liver laboratory studies were normal, 
and there was no family history of hypertension or renal 
disease. 

Evaluation of the kidneys and upper abdomen included an 
excretory urogram, retrograde pyelogram (Fig. 3A), abdominal 
CT scan (Fig. 3B), and renal sonogram (Fig. 3C). These 
studies revealed smooth, bilateral nephromegaly, with the 
right kidney being larger than the left. The intrarenal collecting 
systems were stretched and attenuated bilaterally. The left 
renal pelvis was dilated with a configuration typical of a 
ureteropelvic junction obstruction. Both kidneys were dif- 
fusely hyperechoic with loss of the normal corticomedullary 
differentiation. A CT scan showed “infiltration” of both kidneys 
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with low-attenuation soft tissue centrally and marked thinning 
of the renal cortices. Although the proximal small bowel was 
poorly opacified, there was a suggestion of retroperitoneal 
adenopathy. There was no mass extrinsically compressing at 
the left ureteropelvic junction. The liver appeared normal 
sonographically and by CT evaluation. 

Malignancy, especially lymphoma, was suspected. An open 
right kidney biopsy revealed multiple tiny cysts in both the 
cortex and medulla, consistent with autosomal recessive 
polycystic kidney disease (Potter's type l). Histology of several 
enlarged mesenteric lymph nodes revealed follicular and per- 
icortical hyperplasia. 

A pyeloplasty was performed on the left kidney for the 
congenital ureteropelvic junction obstruction. Persistent hy- 
pertension required medical management. 

Infantile or autosomal recessive polycystic kidney disease 
has a wide spectrum of symptoms depending on the degree 
of cystic involvement of the kidneys and liver. In the newborn 
type, severe renal disease with marked nephromegaly, pul- 
monary hypoplasia, and severe renal insufficiency are present. 
Pathologically, there are tiny cysts distributed throughout the 
renal medulla and cortex, and there is no normal renal paren- 
chyma [1]. Liver involvement is clinically insignificant, although 
hepatic cysts may be present. The childhood type is charac- 
terized by congenital hepatic fibrosis and renal tubular ectasia. 
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Fig. 3.—Case 3: Child with infantile polycystic kidney and hypertension. 
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A, Retrograde pyelograms show stretching and distortion of collecting systems and left pyelocaliectasis characteristic of ureteropelvic junction 


obstruction. 


B, Abdominal CT scan shows bilateral, smooth nephromegaly. There is “infiltration” of both kidneys by low-attenuation tissue. Contrast is 
concentrated in the thinned cortex bilaterally. Right kidney is larger than the left. Poor proximal small-bowel opacification makes evaluation of 


retroperitoneum difficult; however, there is a suggestion of adenopathy. 


C, Representative parasagittal sonogram shows smooth nephromegaly with diffuse increased echogenicity and loss of normal corticomedullary 


differentiation. 


These patients typically present between the ages of 3 and 5 
years with hepatosplenomegaly, portal hypertension, and 
massive upper gastrointestinal bleeding due to esophageal 
varices. Renal symptoms are usually minimal. Pathologically, 
tiny renal cysts are found predominantly in the medulla with 
sparing of the cortex [1]. There are a number of patients who 
do not fit into either the typical newborn or the typical child- 
hood type of infantile polycystic kidney disease [1], such as 
the patient described in this report. 

The sonographic picture of infantile polycystic kidney dis- 
ease with large, hyperechoic kidneys is well recognized. The 
CT appearance of infantile polycystic kidney disease is not as 
familiar. The CT finding mirrors the pathology. In the neonate, 
there is massive nephromegaly and diffuse low attenuation of 
the renal parenchyma [2]. In the older child, the tiny renal 
cysts seen on CT as low-attenuation soft tissue are found 
predominantly in the medulla, and the cortices are thinned 
and stretched [3]. 

Although the renal sonogram in this case was characteristic 
for infantile polycystic kidney disease, the unusual presenta- 
tion in this 5-year-old with no hepatic dysfunction or paren- 
chymal abnormalities, the suggestion of retroperitoneal ade- 
nopathy, and the asymmetric renal involvement suggested a 
malignant process. A familiarity with the CT appearance of 
infantile polycystic kidney disease might have obviated sur- 
gical assessment. However, a renal biopsy would probably 
still have been necessary for definitive diagnosis. 

Deborah L. Day 
Janis G. Letourneau 
D. Gordon Drake 
Jeffrey R. Crass 
Marvin E. Goldberg 
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Case 4: Widespread Metastatic Malignant Melanoma 


A 38-year-old woman presented in March 1986 with pro- 
gressive dyspnea. She also complained of vague upper ab- 
dominal pain, most prominent on the right. 

The patient had undergone a wide local excision on the 
right upper arm for malignant melanoma (Clark level IlI) in 
January 1985. A second primary melanoma (Clark level II) 
was resected from the right breast in November 1985. Met- 
astatic disease was detected on the left arm during the same 
month and in the left subcostal region in January 1986. 

Because of diffuse pulmonary wheezing and suspected 
upper airway obstruction (Fig. 4A), an emergency bronchos- 
copy was done on admission, and an endotracheal lesion was 
found. A tracheostomy was performed the next day. Patho- 
logic examination of the endotracheal lesion confirmed the 
clinical diagnosis of metastatic melanoma. Assessment of 
abdominal symptoms with sonography and CT revealed intra- 
luminal gallbladder defects and retroperitoneal lymphadenop- 
athy (Fig. 4B). The patient was treated with chemotherapy, 
and the subcutaneous nodules that were also present began 
to regress. 

However, in November 1986 the patient presented again, 
this time with weakness, nausea, and hematuria. Stool guaiac 
testing was positive. Laboratory studies documented severe 
anemia and a consumptive coagulopathy. An intravesical 
melanoma deposit was seen and was excised cystoscopi- 
cally. An upper gastrointestinal series and a small-bowel study 
showed a partially obstructing lesion within the duodenum 
(Fig. 4C). Subsequent abdominal exploration resulted in ex- 
cision of duodenal, jejunal, and ovarian metastases. A change 
in the chemotherapeutic regimen is planned. 

Malignant melanoma arises from melanocytes and is known 
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Fig. 4.—Case 4: Widespread metastatic malignant melanoma. 


ABDOMINAL CASE 


OF THE DAY 1047 


A, Posteroanterior view of chest taken on admission shows a subtle soft-tissue density overlying trachea (arrows). This was not present on earlier 


films. 


B, Close-up view of trachea shows endotracheal metastatic deposit (arrows) that caused partial airway obstruction. 

C, Gallbladder sonogram reveals multiple intraluminal soft-tissue densities (arrows) that did not move when patient’s position was changed. 
D, Transaxial CT scan through upper abdomen also shows multiple soft-tissue defects within gallbladder (arrows). 

E, Transaxial CT scan at slightly lower level shows retroperitoneal lymphadenopathy (arrows). 

F, Spot film from an upper gastrointestinal series shows a mass on the medial aspect of descending duodenum (arrows). 


to metastasize to all organs of the body [1, 2]. The Clark 
system for staging melanoma, defining levels | through V, is 
generally used and determines the probability of spread of 
disease to regional lymph nodes and distant sites by assess- 
ing the depth of the lesion. A Clark level Ill lesion is interme- 
diate in its ability to metastasize to regional lymph nodes and 
is associated with such metastases in 20% of cases [3]. 

Melanoma rarely metastasizes to the upper airway, but can 
cause segmental or lobar atelectasis [2, 4]. Metastases to 
the gallbladder are also uncommon and rarely cause symp- 
toms [1, 2]. This may be due to the predominantly serosal 
location of these lesions [1]; the lesions seen in this patient 
were intraluminal. Urinary bladder and ovarian metastases are 
also infrequent, seen in 15-20% of patients with melanoma 
[1, 2]. Retroperitoneal lymphadenopathy is seen with greater 
frequency, and gastrointestinal involvement is, of course, 
more common and can be detected in approximately 50% of 
these patients [1, 2]. Subcutaneous metastases are also very 
common [1, 2]. 

In summary, evaluation of this patient provides a means of 


reviewing some of the common, as well as the more unusual, 

pathologic and radiologic manifestations of malignant mela- 

noma. Both conventional and newer imaging techniques are 
useful in the detection of metastatic foci [5, 6]. 
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Musculoskeletal Case of the Day 


Deborah L. Day,' Janis G. Letourneau, Jeffrey R. Crass, Marvin E. Goldberg, and D. Gordon Drake 


Case 1: Renal Osteodystrophy 


Admission to the hospital was prompted by a seizure during 
which this 20-year-old man fell and hit his head. Routine skull 
radiographs and CT of the head are reproduced in Figs. 1A 
and 1B. Right occipital soft-tissue swelling and a small left 
frontal subdural hematoma are apparent and can be explained 
by the recent trauma. The focal areas of sclerosis were of 
great concern. 

This man has a long history of chronic renal failure. Because 
of a history of membranous glomerulonephritis resulting in 
renal failure, he received his first kidney transplant 11 years 
before this admission. In the intervening time, failures of the 
transplanted kidneys have required a total of three renal 
transplants. The last transplant was removed 4 years ago, 
necessitating maintenance on hemodialysis and more recently 
on peritoneal dialysis. 

Radiographs of the patient’s pelvis (Fig. 1C) show typical 


changes of renal osteodystrophy with erosions about the 
Sacroiliac joints and diffuse osteopenia. The appearance of 
the skull is atypical in that regions of blastic osseous activity 
are not usually considered a feature of renal osteodystrophy 
or of hyperparathyroidism uncomplicated by renal disease. 
Nevertheless, Ellis and Hochstim [1] showed that such ap- 
pearances were present in five of 30 cases of primary hyper- 
parathyroidism. Since hyperparathyroidism is usually associ- 
ated with varying degrees of bone resorption, the presence 
of focal areas of sclerosis has been considered to represent 
an aspect of “curing” of the hyperparathyroidism. 

Differential diagnosis can be difficult when based only on 
the skull findings. A distinction between hyperparathyroidism 
and renal osteodystrophy cannot be made on the basis of 
skull radiographs alone. The appearance of the skeleton and 
the patient's clinical history are sufficient to establish the 





Fig. 1.—Case 1: Renal osteodystrophy. 

A, Lateral view of skull showing multiple sclerotic lesions. 
B, CT of head showing extracranial soft-tissue swelling, right occipital area, and small left frontal subdural hematoma. 

C, Pelvis showing diffusely osteopenic bones with erosions of the sacroiliac joints. Appearance typical of renal osteodystrophy. 





"All authors: Department of Radiology, University of Minnesota, Box 292 UMHC, 420 Delaware St. S.E., Minneapolis, MN 55455. Case 1 prepared by D. L. 
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diagnosis of renal osteodystrophy. Given the skull film alone, 

one would have to include osteoblastic metastases and, in 
the adult, Paget’s disease of the skull. 

Deborah L. Day 

Janis G. Letourneau 

Jeffrey R. Crass 

Marvin E. Goldberg 
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Case 2: Adamantinoma Involving the Distal Tibia and 
Fibula 


A 23-year-old waitress came to the University in April 1986 
with a 4-year history of an occasionally painful lump on her 
left lower leg. She had seen an orthopedist 1 year earlier who 
examined her and performed some radiographic studies; she 
was told she had a “bone cyst” on her lower leg. Because of 
progressive enlargement of the bulge on her leg, she again 
sought medical evaluation in February 1986. This resulted in 
a biopsy of the tibial lesion and a pathologic diagnosis of 
adamantinoma. Two months later she developed left inguinal 
adenopathy and was referred to the University; biopsy con- 
firmed metastatic adamantinoma. Radiographic evaluation at 
the University included plain films and CT (Fig. 2). The patient 
then underwent an above-the-knee amputation and radical 
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pelvic, iliac, and paraaortic lymph node dissections. No other 
metastatic foci were found. 

Adamantinoma is an uncommon bone tumor. It is most 
prevalent in the second and third decades and may have a 
slightly higher incidence in males [1, 2]. Its distinctive radio- 
graphic features of multiple regions of diaphyseal lysis with 
interspersed areas of sclerosis are well illustrated by this case 
(Fig. 2) [1, 2]. Periosteal new-bone formation can occasionally 
be seen [2]. The lesion is commonly seen in the distal tibial 
diaphysis; a synchronous lesion in the adjacent fibula is seen 
in about 10% of cases (Figs. 1A and 1C) [2]. Adamantinoma 
appears to have an angioblastic origin; it has a low malignant 
potential but is known to metastasize to regional lymph nodes 
and distant sites in a small percentage of cases. Conse- 
quently, resection of the tumor or amputation is indicated for 
this lesion and, despite the indolent clinical and radiographic 
features of this bone lesion, metastatic foci should be sought. 

Janis G. Letourneau 
Deborah L. Day 
Jeffrey R. Crass 

Marvin E. Goldberg 
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Fig. 2.—Case 2: Adamantinoma involving the 
distal tibia and fibula. 

A, Anteroposterior view of left lower leg shows 
large lytic and sclerotic lesions involving distal half 
of tibial diaphysis and distal third of fibular dia- 
physis. 

B, Lateral view of left lower leg shows findings 
described in A, as well as cortical disruption in the 
fibula (arrow). 

C, Transaxial CT scan through distal tibia and 
fibula verifies lytic and sclerotic nature of these 
lesions and confirms cortical destruction in fibula 
(arrow). No soft-tissue mass is seen in association 
with the bony lesions. 
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liver. 


Case 3: Insufficiency Fracture of the Sacrum 


An 8-year-old-boy presented with a large mass in the right 
lobe of the liver, an embryonal sarcoma (Fig. 3A). The initial 
evaluation for metastases was negative. He was treated with 
resection of the primary tumor, external-beam irradiation, and 
chemotherapy. 

At the 3-month follow-up evaluation, a radionuclide bone 
scan showed an area of increased activity in the right side of 
the sacrum (Fig. 3B). Plain films of the lumbosacral spine 
showed diffuse osteopenia and a vague area of increased 
density on the right side of the first sacral segment (Fig. 3C). 
A pelvic CT scan with bone window settings revealed a linear 
lucency adjacent to the anterior cortex of the sacrum with 
surrounding sclerosis (Fig. 3D). This CT finding is character- 
istic of a sacral insufficiency fracture. 

Bone scintigraphy later showed a significant decrease in 
the abnormal activity in the sacrum. The follow-up CT scan 
showed resolution of the linear lucency with residual sclerosis. 

There are two types of stress fractures—insufficiency and 
fatigue fractures. Insufficiency fractures occur when physio- 
logic stress is placed on a bone that has decreased elastic 
resistance. Fatigue fractures occur when abnormal stress is 
placed on a bone with normal elastic resistance [1]. 

Stress fractures of the sacrum are most frequently seen in 


Fig. 3.—Case 3: Insufficiency-fracture of the sacrum. 
A, Large, low-attenuation mass in right hepatic lobe. Mass was an embryonal sarcoma of the 


B, Focal area of increased activity is present in upper portion of right side of sacrum (arrow) on 
*"Tc diphosphonate bone scintigraphy. 

C, Vague area of increased density is present in right side of first sacral segment on plain film 
(arrow). Bones are diffusely osteopenic. 

D, Pelvic CT with bone window settings reveals a linear lucency with surrounding sclerosis at 
anterior cortex at right side of sacrum (arrow). 


postmenopausal women who have undergone pelvic irradia- 
tion [2] or who have demineralized bones from other causes 
[1]. Stress fractures in children most commonly occur in the 
extremities [1]. Although the child in this case had not re- 
ceived pelvic irradiation or steroids, his bones were osteo- 
penic, most likely because of poor nutrition and disuse. 

Bone scintigraphy is sensitive but nonspecific in detecting 
stress fractures. It is helpful in sacral stress fractures [3], 
since plain radiographic evaluation of the sacrum is difficult 
owing to overlying bowel gas and overlapping bony struc- 
tures. Stress fractures in cancellous bone are manifested by 
bone sclerosis due to trabecular condensation and the for- 
mation of endosteal callus [4]. Fracture lines and cortical 
disruption may or may not be apparent [2]. The resultant 
focal area of subtle sclerosis of the sacrum is difficult to 
detect. However, the CT findings of sacral stress fractures 
are specific. These fractures are seen as regions of linear 
sclerosis aligned parallel to the adjacent sacroiliac joint. A 
fracture line, if apparent, interrupts the anterior cortex and 
parallels the adjacent sacroiliac joint [2]. 

The differential diagnosis of the sacral lesion in this case 
included stress fracture and metastatic disease from the 
malignant liver tumor. The presence of metastases would 
indicate the need for a change in therapy. The characteristic 
CT appearance of the sacral lesion led to the correct diagnosis 
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of sacral insufficiency fracture. No specific treatment of the 

insufficiency fracture was instituted, and follow-up bone scin- 
tigraphy and CT examination indicated healing. 
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Fig. 4.—Case 4: Tibial osteosarcoma. 
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Case 4: Tibial Osteosarcoma 


This child presented at the age of 2 years with bilateral 
retinoblastomas. He was treated with left eye enucleation and 
chemotherapy. Histologic evidence indicated that the retino- 
blastoma had invaded the optic nerve, choroid, and sclera, 
findings that indicated a poor prognosis. Despite chemother- 
apy, the retinoblastoma in the right eye grew over the next 
year, necessitating right eye enucleation. The patient was 
then treated with more chemotherapy and fractionated right 
orbital radiation to a total dose of 5000 rad (50 Gy). Recurrent 
tumor in the right orbit 1 year later was treated with an orbital 
exenteration and further chemotherapy. Over the next 3 
years, the patient had close follow-up. Frequent radiographic 
evaluation including a skull series (Fig. 4A) and orbital CT 
scans (Fig. 4B) revealed no evidence of recurrent tumor. 

At the age of 7 years, the patient presented with a 2-week 
history of left lower leg pain and swelling. Plain films of the 
left lower leg revealed a poorly marginated mixed blastic and 





A, Anteroposterior view of skull shows lucency in the right orbit secondary to exenteration. 
B, CT scan through orbits reveals surgical changes of right orbital exenteration and left enucleation. A small prosthesis is seen in left orbit. There is no 


evidence of recurrent retinoblastoma within orbits. 


C, Anteroposterior view of left lower leg reveals a poorly marginated lesion with areas of lucency and sclerosis in the proximal tibial diaphysis. 
Ossification is evident within the soft-tissue mass that surrounds the bony lesion. 

D, CT scan through upper portion of lower legs shows normal right proximal tibia and fibula. There is calcific density within left tibial medullary canal 
and irregular ossification of the soft-tissue mass surrounding proximal left tibia; this is characteristic of osteosarcoma. 
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lytic lesion in the proximal tibial diaphysis (Fig. 4C). Irregular 
ossification was evident within the soft tissues surrounding 
the bony lesion. A CT scan through this region showed the 
asymmetric density of the left tibial medullary canal and better 
defined the ossification within the soft-tissue mass surround- 
ing the proximal left tibia (Fig. 4D). 

The differential diagnosis of the tibial lesion includes meta- 
Static retinoblastoma and a second primary malignancy, such 
as osteosarcoma. The ossification within the soft-tissue com- 
ponent of the tibial mass, lack of evidence for local recurrence 
of retinoblastoma and lack of metastases elsewhere, and the 
propensity of individuals with bilateral retinoblastoma to de- 
velop osteosarcomas make osteosarcoma the more likely 
diagnosis. Biopsy of the lesion confirmed the diagnosis of 
osteosarcoma. 

Retinoblastoma is a congenital malignant neoplasm that 
arises from the retina. Seventy percent of affected individuals 
have the sporadic, usually unilateral form of the disease; 30% 
have the hereditary, usually bilateral form of the disease. The 
present survival rate for retinoblastoma is >90%. However, 
the genetic form, inherited as an autosomal dominant trait, is 
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associated with a high predisposition to second malignancies 

later in life [1]. These nonocular tumors have frequently been 

attributed to radiation; however, approximately 30% occur 

outside of the radiation field, and some occur in individuals 

who have not received orbital radiation. The most common 

second malignant tumor is osteosarcoma. The prevalence of 

second nonocular tumors increases with time, with a mean 

latent period of 10.4 years. The prevalence of second cancers 

among survivors of bilateral retinoblastoma with 30 years of 

follow-up is estimated to be approximately 90% in irradiated 
patients and 68% in nonirradiated patients. 
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Neuroradiology Case of the Day 


Robert E. McGeachie,' William J. Ford, Mary Jo Nelson, Dean Elias, and Marvin E. Goldberg 


Case 1: Cervical Spinal Cord Abscess 


A 72-year-old, previously healthy man presented with neck 
pain and weakness and numbness of the arms that had lasted 
5 days. He was also having difficulty voiding. The only other 
pertinent history was diet-controlled, adult-onset diabetes 
mellitus. There was no history of infection, fever, or surgical 
procedures. Physical examination showed a mild right Hor- 
ner’s syndrome with a weakness in all the extremities that 
was most prominent in the right arm and right leg. There was 


Fig. 1.—Case 1: Cervical spinal cord abscess. 

A, Cervical myelogram shows intramedullary 
expansion in lower cervical spinal cord. 

B, Repeat cervical myelogram 24 hr later 
shows further enlargement of intramedullary 
mass. 


A 





a decreased sensation of pain in the C6 dermatome bilaterally. 
The patient's sense of vibration and position was impaired in 
the lower extremities, and he had bilateral toe signs. Chest 
radiograph, CT scan of the brain, urine culture, and multiple 
blood cultures were normal. 

Emergency myelography was performed, with the primary 
differential diagnosis being an extradural mass compressing 
the cervical spinal cord. Myelography revealed an intramed- 
ullary expansion of the cervical spinal cord shadow (Fig. 1). 
This was primarily at the C6 and C7 level, and was somewhat 
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more prominent on the right. The lateral view on the myelo- 
gram confirmed the intramedullary location of the mass. The 
cerebellar tonsils were in the normal position. The enlarge- 
ment of the cord did not change with changes in position or 
with maneuvers, such as the Valsalva maneuver. Examination 
of the CSF showed leukocytosis with 93% polymorphonu- 
cleocytes; protein was 187 mg/dl, and glucose was 87 mg/ 
di. The patient was started on multiple antibiotics, and his 
temperature rose to 104°F. A preoperative myelogram re- 
peated 24 hr after the first one showed that the spinal cord 
had increased dramatically in size. A CT scan done after the 
myelogram showed the intramedullary mass with no evidence 
of hemorrhage. The patient underwent cervical laminectomy 
and intradural exploration. Paramidline myelotomy was per- 
formed with aspiration of 7 ml of pus. Haemophilus parainflu- 
enzae and Streptococcus viridans were cultured from the 
abscess. Interestingly, none of the CSF samples grew orga- 
nisms. After surgery the patient’s condition improved pro- 
gressively, but he was left with residual mild right hemiparesis. 
Spinal cord abscesses are rare, and only scattered case 
reports and reviews are available. A review of 54 cases 
showed that the affliction is more common in children than in 
adults [1]. The abscess may result from contiguous pathways 
such as those related to dermal sinuses, paravertebral infec- 
tion, lumbar puncture, or surgical intervention. Fractures and 
wound infections may also cause abscesses. However, most 
cases are due to metastatic spread from .remote infections 
such as those of the lungs, endocardium, and a host of 
miscellaneous sources. Hypothesized means of spread in- 
clude the arterial system with septic emboli, the venous 
system, and even lymphatic communication with the spinal 
subarachnoid space [2]. It is unusual for no source of infection 
to be identified [3]. Cerebrospinal fluid is usually sterile. Ex- 
tension of the cervical spinal cord abscess into the brainstem 
with rupture into the fourth ventricle has been reported [4]. 
The radiographic demonstration of expansion of the spinal 
cord may be-accomplished by myelography, CT, or MR 
imaging, with the latter being the preferred method. Given the 
findings of intramedullary expansion, the differential diagnosis 
includes neoplasm, hematoma, and syringomyelia. The most 
unusual feature of this case is that a repeat myelogram was 
available. The finding of dramatic expansion of the spinal cord 
within such a short time interval considerably narrows the 


differential diagnosis. Probably the main other differential - 


consideration would be hemorrhage. This might be associated 

with neoplasm or arteriovenous malformation. An abnormal. 

vasculature was not found. With sterile CSF, there may be 

entities other than acute bacterial infection in the differential 

diagnosis. Exploration is necessary both for confirming the 
diagnosis and as a vital part of the therapy. 
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Case 2: Septic Cavernous Sinus Thrombosis 


A 6-year-old girl presented with a sore throat and fever. 
The patient was diagnosed as having laryngitis with a positive 
throat culture for group A beta Streptococcus. She was 
treated with penicillin on an outpatient basis, but compliance 
was poor. The patient returned to the emergency room with 


` persistent fever to 104°F, swelling of the left eye, and asso- 


ciated neck pain. Physical examination showed left orbital 
cellulitis, nuchal rigidity, and general unresponsiveness. Neu- 
rologic examination was unremarkabie for sensory or motor 
deficits. Cranial nerves Il through XII were normal. Chest 
radiograph, sickle-cell index, and coagulation profile were 
normal. White blood cell count was 23,000 with a left shift. 
Cerebrospinal fluid showed increased protein, low glucose, 
and negative gram stain. 

Enhanced CT scan of the orbits showed bilateral superficial 
soft-tissue swelling (Fig. 2A). Also shown were enlarged 
cavernous sinuses with straightening of the lateral: margins 
and filling defects. The superior ophthalmic veins. were prom- 
inent bilaterally, particularly on the left (Fig. 2B). The left 
superior ophthalmic vein enhanced peripherally and contained 
a linear area..of central low attenuation. MR images were 
obtained at.a later date and confirmed the CT findings. A T1- 
weighted coronal image (Fig. 2C) (TR 500 msec, TE 17 msec, 
1-T field strength) showed signal in the cavernous sinuses, 
as did T2-weighted images. The signal was inhomogeneous 
with an absence of signal void and associated lateral promi- 
nence and enlargement of the cavernous sinuses. Additional 
axial images showed prominence of the soft tissues in the 
orbit with an enlarged superior ophthalmic vein on the left. 

The patient was admitted to the intensive care unit and 
was placed on chloramphenicol and ampicillin. Prednisone 
was also given for treatment of cavernous sinus thrombosis. 

Thrombosis of the veins and dural sinuses of the brain may 
be thought of as primary (noninfectious) or as secondary to 
pyogenic infection. Primary thrombosis or aseptic thrombosis 
may result as a complication of malnutrition, heart disease, 


_. dehydration, trauma, pregnancy, or hematologic disorders 
' ‘such as sickle-cell anemia, hemolytic anemia, leukemia, and 


polycythemia. In addition, the use of oral contraceptives has 
been associated with sinus thrombosis. Likewise, cavernous 
sinus thrombosis has been associated with carotid cavernous 
fistula [1, 2]. 

Secondary thrombosis is a complication of pyogenic infec- 
tion. Usual routes of infection are from the frontal sinus to the 
superior sagittal sinus or from the mastoid sinuses or middle 
ear to the lateral sinuses. Likewise, a secondary (pyogenic) 
thrombosis may be caused by subdural abscess collection 
or, more commonly, by a pyogenic infection of the face with 
extension to the cavernous sinus. The thrombus itself may 
spread from the focus of infection to the sinus, or the sinus 
itself may become inflamed. Related to cavernous thrombosis 
is paralysis of the sixth and, less commonly, the third and 
fourth cranial nerves; this paralysis is thought to be due to 
thrombosis of the vasa nervorum [1]. 


AJR:148, May 1987 


NEURORADIOLOGY CASE OF THE DAY 


1055 





Fig. 2.—Case 2: Septic cavernous sinus thrombosis. 


A, Axial CT shows enlarged cavernous sinuses with filling defects within the enhancing sinuses. Soft-tissue prominence identified anterior to globes. 
B, Axial CT shows dilated, peripherally enhancing superior left ophthalmic vein with central decreased attenuation. 
C, T1-weighted coronal MR image (TR = 500 msec, TE = 17 msec) shows inhomogeneous signal within prominent cavernous sinus bilaterally. 


CT as well as MR can readily diagnose the cavernous sinus 
thrombosis. CT shows the characteristic abnormal, low-atten- 
uation values within the prominent laterally expanded, en- 
hancing cavernous sinus [3]. Supportive information including 
inflammatory changes within the orbital soft tissues, as well 
as associated thrombus within the enlarged superior 
ophthalmic vein with tramtrack-like peripheral enhancement 
and central decreased attenuation, reaffirm the diagnosis. MR 
findings substantiated CT evaluation by revealing an absence 
of signal void with inhomogeneous signal intensity identified 
within the cavernous sinus region [4]. CT and MR readily 
diagnose cavernous sinus thrombosis. The differential etiol- 
ogy, however, requires clinical correlation. 

MR has many advantages over CT. A major drawback of 
CT is that it requires contrast material, which may potentially 
exacerbate a hypercoaguable state [5]. The normal cavernous 
sinus contains the internal carotid artery, cranial nerves, oc- 
casionally a small amount of fat, and partially septated venous 
spaces. In a normal patient, the venous spaces are relatively 
small and are separated by the internal carotid artery and 
cranial nerves that course through the sinus. Thus, with our 
instrument in a normal patient, it is difficult to show either 
flow void or an increase in signal related to flow effects in the 
venous spaces. The internal carotid artery is characteristically 
seen as a signal void in routine imaging sequences. This 
patient had an enlarged cavernous sinus without signal void 
due to the venous spaces. As in larger venous structures, 
evaluation of information from T1- and T2-weighted se- 
quences establishing absence of signal void in all sequences 
is necessary when considering the diagnosis of thrombosis 
[4]. Absence of signal in T1- and T2-weighted sequences 
prevents misdiagnosis caused by flow enhancement, which 
occurs predominantly on T1-weighted images and even echo- 
rephasing phenomena seen on symmetric second echoes. 
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Case 3: Craniofacial Mucormycosis 


A 51-year-old man had an upper right molar tooth extracted 
and a few days later developed headaches and right perior- 
bital swelling. The patient was an adult-onset diabetic whose 
condition was managed with diet alone. On admission to an 
outside hospital he had periorbital edema with the right pupil 
fixed and dilated. He was alert and cooperative. On exami- 
nation there were complete palsies of the third, fourth, and 
sixth nerves and the first and second divisions of the fifth 
cranial nerve on the right. A CT scan of the paranasal sinuses 
and orbits showed an air-fluid level in the right maxillary sinus 
with haziness of the fat plane behind the posterior wall and 
generalized swelling of the superficial soft tissues of the right 
cheek. Right ethmoid air cells were opacified, and there was 
proptosis of the right globe without a focal orbital mass (Figs. 
3A and 3B). Other scans showed prominence of the right 
middle turbinate. The ethmoid air cells showed scattered clear 
cells among the opacified cells. There was enlargement of the 
right inferior and medial rectus muscles and the optic nerve. 
Scan quality did not permit evaluation of any subtle changes 
in orbital fat. The right pterygopalatine fossa was grossly 
normal. 

The right maxillary sinus was aspirated, and the patient 
was placed on antibiotics with no improvement. He then 
became obtunded and developed left hemiplegia. He under- 
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went biopsy of the necrotic mucosa in the nose, and the 
diagnosis of mucormycosis was confirmed. Treatment was 
begun with amphotericin B. At this point he was transferred 
to our institution. Cerebral angiography was performed to 
assess the extent of disease and to help determine the 
prognosis. It showed occlusion of the right ophthalmic artery 
and right maxillary artery. There was associated stenosis of 
the distal cavernous and supraclinoid segments of the right 
internal carotid artery (Fig. 3C). Because there was evidence 
of intracranial involvement, extensive surgery on the orbit and 
paranasal sinuses was not performed. In spite of medical 
therapy, the patient died 4 days later. 

At postmortem examination the ethmoid sinuses contained 
thick, grayish mucoid material. The right internal carotid artery 
and ophthalmic artery were occluded showing granulomatous 
inflammation of the vessel wall with fungal hyphae. The lumen 
showed thrombus and hyphae. The optic nerve itself was 
also invaded. The brain showed suppurative exudate at the 
base and massive necrosis of large portions of the right frontal 
and temporal lobes. Microscopically the brain showed exten- 
sive necrosis associated with necrotizing vasculitis, with 
marked leukocytic infiltration and many vessels penetrated 
by fungal hyphae. 

Mucormycosis is a term used to describe infections caused 
by fungi of the order Mucorales. This includes three genera: 
Absidia, Mucor, and Rhizopus. These fungi are common and 
are not ordinarily pathogenic. The most common predisposing 
feature of clinical infection is poorly controlled diabetes melli- 
tus, particularly ketoacidosis. Other predisposing factors in- 
clude leukemia, lymphoma, immunosuppression, and burns. 
The craniofacial form typically begins in the nose and para- 
nasal sinuses. The fungus has a marked propensity to invade 
blood vessels, particularly arteries. Arterial thrombosis may 
give a characteristic black necrotic lesion in the nose or on 
the palate from which the histologic diagnosis may be made 
by the appearance of nonseptate hyphae, which tend to 
branch at right angles. Infection, then, usually involves the 





Fig. 3.—Case 3: Craniofacial mucormycosis. 
A, CT scan through maxillary sinuses. Note air-fluid level in right maxillary antrum and diffuse soft-tissue swelling of right cheek. 

B, Diffuse opacification of right anterior and posterior ethmoid air cells. Note marked proptosis of right globe. 

C, Occlusion of ophthalmic artery at its origin with associated narrowing of distal internal carotid artery (straight arrow). Note occlusion of maxillary 


artery (Curved arrow). 
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orbit. Several routes exist for further extension, such as 
through the cribriform plate or retrograde to the apex of the 
orbit involving the ophthalmic artery, internal carotid artery, 
and cavernous sinus. The changes in the brain may be a 
result of direct invasion and necrosis or infarction caused by 
vessel occlusion. Radiographic findings include opacification 
of the paranasal sinuses. Air-fluid levels are said to be uncom- 
mon [1]. The orbits tend to show proptosis with diffuse or 
patchy edema. There may be enlargement of extraocular 
muscles and enlargement of the optic nerve, and occasionally 
a focal mass is seen. Occlusion of the superior ophthalmic 
vein and the cavernous sinus has been shown on orbital 
venography [1, 2]. 

Angiographic studies have shown narrowing, occlusion, or 
aneurysm formation of the appropriate vessels, usually the 
internal carotid artery and the ophthalmic artery [1-3]. Frontal 
and sphenoid sinus involvement is less common than maxil- 
lary and ethmoid involvement [4]. Prognosis is poor, and 
therapeutic success usually involves a combination of radical 
surgery and aggressive medical therapy [5]. 

The primary differential diagnosis includes infection by an- 
other fungus, Aspergillus. This fungus has a similar predis- 
position for invading and occluding arteries, but the clinical 
course is usually less acute than that of mucormycosis [6, 
7]. Other entities may cause some of the findings associated 
with this case, but the three groups of findings shown here— 
sinus disease, diffuse orbital disease, and major arterial dis- 
ease—are highly characteristic. Entities that may cause sim- 
ilar findings in the orbit or paranasal sinuses, such as Wege- 
ner's granulomatosis, polymorphic reticulosis, sarcoidosis, 
and bacterial infection, would not be expected to cause major 
arterial disease [8-10]. The pattern of arterial occlusions 
would be extremely unusual for coexistent atherosclerosis. 

Robert E. McGeachie 
William J. Ford 

Mary Jo Nelson 
Marvin E. Goldberg 





C 


REFERENCES 


1. Centeno RS, Bentson JR, Mancuso AA. CT scanning in rhinocerebral 
mucormycosis and aspergillosis. Radiology 1981;140:383-389 

2. Lazo A, Wilner HI, Metes JJ. Craniofacial mucormycosis: computed tom- 
ographic and angiographic findings in two cases. Radiology 
1981; 139:623-626 

3. Courey WR, New PFJ, Price DL. Angiographic manifestations of cranio- 
facial phycomycosis. Radiology 1972;103:329-334 

4. Gamba JL, Woodruff WW, Djang WT, Yeates AE. Craniofacial mucormy- 
cosis: assessment with CT. Radiology 1986;160:207-212 

5. Salaki JS, Louria DB, Chmel H. Fungal and yeast infections of the central 
nervous system. A clinical review. Medicine 1984;63: 108-132 

6. Grossman RI, Davis KR, Taveras JM, Beal MF, O'Carroll CP. Computed 
tomography of intracranial aspergillosis. J Comput Assist Tomogr 
198 1;5:646-650 

7. Dortzbach RK, Segrest DR. Orbital aspergillosis. Ophthalmic Surg 
1983;14:240-244 

8. Vermess M, Haynes BF, Fauci AS, Wolff SM. Computer assisted tomog- 
raphy of orbital lesions in Wegener's granulomatosis. J Comput Assist 
Tomogr 1978;2:45-48 

9. McGill JI. Case records of the Massachusetts General Hospital. N Eng! J 
Med 1985;313:1142-1153 

10. Wolk RB. Sarcoidosis of the orbit with bone destruction. AJNR 

1984;5:204-205 


Case 4: Intraventricular Meningioma 


A 23-year-old man presented with a 22-year history of 
progressive weakness in his right side. On examination he 


Fig. 4.—Case 4: Intraventricular meningioma. 

A, CT scan shows uncal herniation and dilated 
temporal horns. 

B, C, CT scans show a large, homogeneously 
enhancing intraventricular mass. 

D, Lateral angiogram shows displaced supra- 
clinoid carotid and anterior choroidal artery 
(curved arrow) as well as tumor supply (straight 
arrows). 


had slow mentation, bilateral papilledema, right homonymous 
inferior quadrantanopsia, right facial weakness, and right 
hemiparesis and hemianesthesia. 

An enhanced brain CT in coronal and axial projections 
showed a large mass in the atrium and body of the left lateral 
ventricle. The intraventricular mass enhanced homogeneously 
except for a tiny eccentric lucency. Both lateral ventricles and 
occipital horns were enlarged. There was mass effect with 
enlargement of the sella turcica, falx deviation and midline 
shift to the right, uncal herniation, and probably tonsillar 
herniation (Figs. 4A, 4B, and 4C). 

Left common carotid and left vertebral arteriography 
showed a large vascular neoplasm supplied primarily by the 
anterior and posterior lateral choroidal arteries. The anterior 
choroidal artery was medially displaced and depressed in its 
cisternal portion, which was secondary to herniation and 
medial displacement of the uncus (Fig. 4D). The posterior 
communicating and posterior cerebral arteries were de- 
pressed and medially displaced. The sylvian triangle was 
elevated with the posterior temporal and parietal branches of 
the middle cerebral artery stretched. The anterior cerebral 
artery was shifted across the midline with elevation of its main 
segment. The tonsillar branches of the posterior inferior cer- 
ebellar artery were low, indicating tonsillar herniation. 

A left parietooccipital craniotomy, with a transventricular 
approach for total removal of the meningioma attached to the 
glomus of the choroid plexus, was performed. The tumor 





mass with foci of hemorrhage on microscopic sectioning 
showed some psammoma body formation and a prominent 
whorled pattern of spindled cells with focal areas of degen- 
eration characteristic of a fibrous meningioma. 

Meningiomas constitute 13-18% of primary intracranial 
tumors of which almost 2% are intraventricular. They originate 
from arachnoid cells that fold into the brain as the stroma of 
the choroid plexus and tela choroidea are formed. The peak 
incidence is at age 45, with women being afflicted twice as 
often as men. Multiple meningiomas are associated with the 
central form of von Recklinghausen’s disease. As in this case, 
there is a 2-year mean duration of symptoms, which develop 
Slowly secondary to obstruction of the CSF pathways or 
compression of adjacent brain parenchyma. Patients usually 
present with intracranial pressure and ipsilateral headache. 
Almost 40% have contralateral homonymous hemianopsia, 
and 63% have contralateral motor deficit [1]. This is a typical 
case in that 60% of the tumors are on the left, generally 
arising in the trigone, and 90% are histologically fibroblastic, 
although this has no prognostic significance [1 -3]. 

CT can show these tumors when they are small. This is 
important since larger tumors may destroy the ependyma and 
become adherent to the adjacent white matter, thereby in- 
creasing the likelihood of damage to the optic radiations at 
surgery. 

The gross pathologic appearance of meningiomas is similar 
to their appearance on CT in that they are round or lobulated 
and sharply marginated. On noncontrast CT, most are of 
increased density, with 44% being calcified. They show 
marked homogeneous contrast enhancement. Angiographi- 
cally, 83% of cases show a definite tumor stain and typically 
enlargement of the feeding anterior and posterior choroidal 
arteries [4]. 

The differential diagnosis of intraventricular masses in- 
cludes astrocytoma, choroid plexus papilloma and carcinoma, 
ependymoma, subependymoma, craniopharyngioma, colloid 
cyst, medulloblastoma, cysticercosis, ependymal and arach- 
noid cysts, epidermoid, dermoid, arteriovenous malformation, 
cavernous hemangioma, teratoma, neuroblastoma, lym- 
phoma, primary oligodendroglioma, xanthogranuloma, and 
metastasis. The location and CT appearance of the mass in 
the atrium of the lateral ventricle makes the likelihood of 
colloid cyst, craniopharyngioma, medulloblastoma, ependy- 
mal cysts, arachnoid and cysticercal cysts, teratomas, der- 
moids, and epidermoids remote, and therefore they will not 
be discussed. 

Astrocytomas are the most common of the choroid plexus 
masses. On CT they are hyperdense and enhance. About 
one-third show calcification. Unlike most meningiomas, they 
usually show no angiographic tumor stain. Calcified subep- 
endymal nodules of gemistocytic astrocytes are associated 
with tuberous sclerosis and may grow into giant cell astro- 
cytomas [4]. 

More than half of ependymomas are located in the fourth 
ventricle, which is a rare location for meningiomas. Ependy- 
momas and subependymomas both show variable enhance- 
ment on CT and no distinctive tumor blush on angiography 
[4, 5]. 

Choroid plexus papilloma is most common in children and 
is located in the lateral ventricle. In adults, the fourth ventricle 
is the most common location. Hydrocephalus commonly oc- 
curs because of an overproduction of CSF. Choroid plexus 
papillomas resemble meningiomas in that they may be iso- or 


hyperdense on noncontrast CT. They enhance densely after 
IV contrast material is administered. Choroid plexus carci- 
noma resembles a papilloma radiographically except for the 
appearance of an irregular margin when invasive into adjacent 
brain parenchyma. Angiographically, there is a definite tumor 
stain in both [4-6]. 

Arteriovenous malformation and hemangiomas are hyper- 
dense, enhance intensely on CT, and may have associated 
calcification. The choroidal branches usually enlarge to feed 
an arteriovenous malformation. Only 2.5% of cavernous he- 
mangiomas of the brain are intraventricular. They may be 
minimally calcified and are avascular on one-third of angio- 
grams and show tumor stain in one-fourth. They occur twice 
as often in women as in men. Hemangiomas and arteriove- 
nous malformations are the most likely to cause hemorrhage 
and are associated with Sturge-Weber syndrome [6, rae 

Xanthogranuloma is rare and is usually small and incidental. 
It is angiographically avascular and, on noncontrast CT, it is 
hypodense without enhancement. The most common sites 
are the third and fourth ventricles [8]. Intraventricular neuro- 
blastomas, lymphomas, and primary oligodendrogliomas are 
also unusual. Only three cases of neuroblastoma have been 
reported intraventricularly. On CT they are hyperdense and 
they enhance, being relatively avascular angiographically [9]. 
Four cases of intraventricular primary CNS lymphoma have 
been reported. They are iso- or hyperdense and enhance 
intensely on CT [10]. Primary oligodenroglioma of the ventricle 
shows mixed density on CT with homogeneous enhancement 
and may have irregular calcification [11]. 

Metastatic renal cell carcinoma may mimic a meningioma 
in the lateral ventricle, and the CT and angiographic findings 
are similar. Metastasis to the choroid, although most common 
with lung and gut tumors, must always be considered in 
patients with a known history of carcinoma [12]. 

Mary Jo Nelson 
Robert E. McGeachie 
William J. Ford 
Marvin E. Goldberg 
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Letters 





Determining Arterial Entry Site for Catheter 


We read with interest the letters by Bakal and Sprayregen [1] and 
Tisnado et al. [2] for determining the arterial entrance site of a 
catheter. They illustrate how there are often multiple inventive ways 
to tackle problems encountered in interventional radiology. 

We believe that while both of their letters explain useful techniques, 
certain caveats should be understood. (1) Delaying placement of a 
catheter through the puncture site to obtain a spot film of the needle 
introduces the risk of needle displacement with subsequent hema- 
toma formation, which complicates the procedure. However, if the 
needle is held in place, there is potential for increased radiation dose 
to the operator. (2) Both techniques that use spot films of the needle 
allow documentation of the arterial entry site relative to the underlying 
bony landmarks given a specific tube centering and tube-to-target- 
to-film ratios. Unfortunately, unlike the method described by us [3], 
neither technique allows for documentation of the site of the stenosis, 
simultaneously, under the same technical conditions. Therefore, the 
spot films showing the puncture site must then be compared with 
either a previous arteriogram demonstrating the stenosis, a new 
arteriographic run taken just before the dilatation, or the fluoroscopic 
image. Unfortunately, the comparisons are imprecise because of 
problems with parallax that both groups of authors had hoped to 
avoid. Simply stated, no two points on a given image are in the 
central beam simultaneously. If the site of stenosis is centered, then 
the bony landmark corresponding to the puncture site is not, and 
vice versa. Compared with a previous arteriogram in which it is most 
likely that neither point will be centered, the degree of error increases 
as the off-centering increases. Similar problems occur during com- 
parison with an immediate predilatation arteriogram. Although the 
predilatation arteriogram will probably be more accurately centered, 
parallax will still be present. Furthermore, in this situation, the spot 
film becomes redundant because the arteriogram contains enough 
information to allow one to assess accurately the distance from 
stenosis to puncture site by our method. Comparison of the spot film 
with the fluoroscopic image is inherently imprecise because of the 
transient nature of the image. 

Practically speaking, if it is obvious that the puncture site is a good 
distance from the stenosis, exact precision is probably not necessary 
and any of the methods will suffice. 

Howard L. Dorne 

Saint Joseph Hospital 
Orange, CA 92668 

Richard Satin 

Max J. Palayew 

McGill University 

Montreal, Quebec H3T 1E2 
Canada 
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Reply 


We appreciate the comments by Dorne et al. concerning our 
method for localizing the arterial puncture site. Using our technique 
in numerous appropriate cases, we have experienced no instances 
of needle displacement or hematoma formation. The needle is not 
touched while the intensifier tower is positioned, precluding exposure 
of the operator’s hands. 

Given the proximity of the underlying bone to the femoral artery, 
parallax is not a problem. Our technique is used primarily in patients 
who have had previous angiograms and in whom we anticipate 
proximity of the stenoses to the puncture site. It allows clear identi- 
fication of the needle-entrance site and, therefore, of the exact site 
in which dilatation can be performed. One might not always be able 
to perform a safe puncture at the necessary distance from the 
stenosis to dilate the entire stenosis; however, with our technique, 
one can certainly know with great accuracy how close to the puncture 
site one can dilate the artery. The needle-guidewire transition point 
is always well seen and thus reliably localized. 

The technique of Dorne et al. is most appropriately used with the 
catheter in place before angioplasty, after obtaining the diagnostic 
arteriogram. Our technique is appropriate when one has reason to 
be concerned with the position of the stenosis from a previous 
angiogram. 

Curtis W. Bakal 

Seymour Sprayregen 

Montefiore Medical Center Albert Einstein College of Medicine 
Bronx, NY 10467 


Rediscovery of the “Downhill” Wheel 


A recent article by Kikuchi et al. [1] “found intentional manipulation 
of a thin barium pool extremely helpful for demonstrating lesions on 
the posterior gastric wall . . . ‘downhill’ flow technique is performed 
by observing the stomach fluoroscopically as the patient is slowly 
turned to the right posterior oblique position. This maneuver causes 
the barium pool to flow from the fundus along the lesser curvature 
and posterior wall into the antrum, showing any lesions high on the 
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lesser curvature ... depressed lesions on the dependent surface 
should fill with barium, producing a discrete niche.” 

The fluoroscopic technique described in this article antedates most 
of its authors. The method was perhaps best described in a classic 
article by Schatzki and Gary in the AJR 29 years ago [2]: “By rotation 
towards the right side, the barium runs out of the fundus along a 
trough which is formed by the lesser curvature . . . with this procedure 
not only the lesser curvature but also the adjacent parts of the 
anterior and posterior walls of the stomach may be studied in a face- 
on projection. At the same time, large portions of the anterior and 
posterior wails are seen in profile.” Schatzki and Gary properly credit 
the underlying principles of the technique to a who’s who of their 
predecessors and contemporaries: Rendich (1923), Berg (1930), 
Templeton (1944), Schinz (1954), and Golden (1956). 

To paraphrase Julius Comroe: “Little that is new is important, and 
little that is important is new.” However, the article by Kikuchi et al. 
is of some importance because, unlike previous single-contrast bar- 
ium examinations, these authors have “incorporated” the uphill and 
downhill flow techniques into the double-contrast portion of their 
routine biphasic upper-gastrointestinal examination. Many residents 
and younger radiologists may be unfamiliar with the technique. How- 
ever, | suspect most older radiologists have long ago incorporated 
gravitational techniques into their doubie-contrast stomach exami- 
nations. 

Ferris Hall 
Beth Israel Hospitai 
Boston, MA 02215 


REFERENCES 


1. Kikuchi Y, Levine MS, Laufer |, Herlinger H. Value of flow technique for 
double-contrast examination of the stomach. AJA 1986;147:1183-1184 

2. SchatzkiR, Gary JE. Face-on demonstration of ulcers in the upper stomach 
in a dependent position. AJA 1958;79:772-780 


Reply 


We recognize that various forms of flow techniques have been 
used previously by radiologists performing conventional single-con- 
trast upper-gastrointestinal examinations. However, the purpose of 
our article was to indicate how flow technique may be used in the 
setting of double-contrast radioiogy to better delineate subtle pro- 
iruded or depressed lesions on the dependent wall of the stomach 
by intentional manipulation of a thin pool of high-density barium. 
Although this technique has not been emphasized by radiologists 
who teach and write about technical aspects of the double-contrast 
study, we believe that it is an easily learned and valuable adjunct to 
this examination. 

Marc S. Levine 

Yoichi Kikuchi 

igor Laufer 

Hans Herlinger 

Hospital of the University of Pennsylvania 
Philadelphia, PA 19104 


The Value of a Worksheet in Body-CT 
Examinations 


i read with great interest the article by Kinard et al. [1] describing 
the usefulness of a worksheet in reporting body-CT examinations. | 
agree with them completely and plan to use a similar approach in my 
own practice. | do believe, however, that there is an important 
omission in their worksheet.. There is no mention of previous CT 
Studies or reports. Radiologists universally agree that reviewing the 
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patient’s prior studies, preferably all of them but at least the latest 
one, is mandatory before officially reporting a radiologic study. It is 
best actually to look at the films and read the previous report—not 
just glance at some notations scribbled on the front.of the film jacket. 
At the very least, one’s department can be saved the not too 
infrequent embarrassment of two different examinations with conflict- 
ing reports. One might aiso discover a significant error on a previous 
interpretation or note an important finding that would have otherwise 
been overlooked if it hadn’t been reported previously. Of course, 
there is the risk of making the same errors as previous observers, 
and one can be lead astray by their thoughts. However, this possibility 
is usually far outweighed by the benefits of being thoroughly familiar 
with the patient's earlier examinations. 

Sometimes other studies (such as gastrointestinal series, excretory 
urography, sonographic examinations, or plain films) greatly aid in the 
interpretation of a body-CT study. A CT report checklist might also 
include mention of relevant complementary studies. Nonetheless, 
there has to be a balance between including every possibie helpful 
item and having a worksheet so long and clumsy as to be unworkable. 
My minor criticism of the worksheet of Kinard et al. for reporting 
body-CT examinations is meant to be constructive, and I thank them 
for the introduction of a most worthwhile idea. 

Tim B. Hunter 

University of Arizona Medical Center 
College of Medicine 

Tucson, AZ 85724 
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Reply 


We welcome Hunter’s letter and appreciate his concern that there 
is no item on the checklist to document review of prior studies. This 
is a prerequisite to formal reporting of any CT examination. Inclusion 
of prior examinations on the worksheet would serve as a helpful 
reminder to review this information. We also agree that there has to 
be a balance between inclusion of every detail and a concise useful 
worksheet. The purpose of our communication has been met if it 
stimulates radiologists to design worksheets that are useful in their 
own practices. 

Richard E. Kinard 

North Florida Regional Medical Center 
Gainesville, FL 32608 

William W. Orrison 

University of New Mexico 
Albuquerque, NM 87131 

Byron G. Brogdon 

University of South Alabama 

Mobile, AL 36617 


The Naked Segment Sign of a Ligated or Severed 
Anomalous Bile Duct 


In the December 1986 issue of AJA, Reid et al. [1] report three 
cases of anomalous right hepatic ducts that drain into the cystic duct. 
They emphasize the importance of recognizing this abnormality on 
preoperative and intraoperative cholangiograms because failure to 
do so can result in inadvertent ligation or severing of the anomalous 
duct. 
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Fig. 1.—A, Intraoperative cholangiogram with 
T-tube in common bile duct. There is absence of 
opacified bile ducts in large portion of right lobe 
of liver (asterisk). The duct draining posterior 
segment of right lobe (arrow) might be mistaken 
for main right hepatic duct. There is extravasa- 
tion of contrast material in area of gallbladder 
fossa. 

B, Postoperative cholangiogram. T-tube has 
been displaced and lies adjacent to common bile 
duct with contrast medium injected into large 
cavity. Opacification of all bile ducts includes 
aberrant right hepatic duct (white arrow), which 
probably drains anterior segment. Surgical clip 
across cystic duct remnant (black arrow) lies 
close to aberrant duct. (Figure reproduced with 
permission of Gastrointestinal Radiology, Sprin- 
ger-Verlag, New York, NY [2].) 


Intraoperative cholangiography, done via the cystic duct early in 
the performance of cholecystectomy, will usually show an anomalous 
duct. However, if the cystic duct has already been clamped or ligated 
distal to its insertion with an aberrant duct, the direct cholangiographic 
demonstration of the anomalous duct is unlikely. In such cases, an 
important indirect sign of the presence of that duct is nonfilling of bile 
ducts draining a focal area of the right lobe of the liver. This “naked- 
segment” sign was described by us (Fig. 1) [2]. It occurs when the 
intraoperative or postoperative cholangiogram shows good opacifi- 
cation of the biliary tree with the exception of a focal area of the right 
lobe of the liver. Recognition of this radiographic appearance is 
particularly important because the symptoms and signs of bile leak, 
in the case of a severed duct, or of bile obstruction, in the case of a 
ligated duct, are usually nonspecific. 

Steven K. Sussman 

Duke University Medical Center 
Durham, NC 27710 

Ferris M. Hall 

Beth Israel Hospital 

Boston, MA 02215 
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Reply 


In the three cases that we reported, the anomalous right hepatic 
duct was Clearly identified on the preoperative and intraoperative 
cholangiograms. However, as pointed out by Sussman and Hall, the 
intraoperative cholangiogram will not show the anomalous duct if the 
cystic duct has already been clamped or ligated at a point between 
the insertion of the anomalous duct and the common bile duct. This 
is a possibility that we did not address and one that merits consid- 
eration. We agree that the “naked segment” sign is important to look 
for when assessing intraoperative cholangiograms. If it is recognized, 
an anomalous right hepatic duct can be suspected and corrective 
measures undertaken in the case of ligation or severance of such a 
duct. 

Again, we stress the importance of recognizing this anomaly if 
preoperative or intraoperative cholangiography is performed. If cor- 
rectly identified, the surgeon can be alerted before or during surgery, 
avoiding the additional morbidity incurred by inadvertent ligation or 
severance of an anomalous right hepatic duct. 

Steven H. Reid 

Shao-Ru Cho 

Mary Ann Turner 

Medical College of Virginia 

Richmond, VA 23298-0001 

Chung-! Shaw 

McQuire Veterans Administration Medical Center 
Richmond, VA 23249 
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Visiting Fellowships in Radiology: Diagnosis, 
Imaging, and Interventional Techniques 


Massachusetts General Hospital will offer visiting fellowships in 
radiology: imaging and interventional techniques. One-week pro- 
grams including CT; sonography; nuclear medicine; neuroradiology; 
and gastrointestinal, vascular, pediatric, chest, genitourinary, inter- 
ventional, skeletal, oncologic, breast, and MR imaging will be offered. 
Program chairman: J. M. Taveras. Information: David C. Kushner, 
M.D., Visiting Fellowship Program Director, Dept. of Radiology, Mas- 
sachusetts General Hospital, Fruit St., Boston, MA 02114; (617) 726- 
8395. 


Annual AFIP Cardiovascular Radiology Review 
Course 


The American Registry of Pathology of the Armed Forces Institute 
of Pathology will sponsor its 5th annual cardiovascular radiology 
review course May 4-8 at the Holiday Inn of Bethesda, in Bethesda, 
MD. Category 1 credit: 28 hr. Fee: $400: physicians; $325: residents 
with a letter of verification. Information: Mrs. Cunningham, Dept. of 
Radiologic Pathology, Room G051, Armed Forces Institute of Pa- 
thology, Washington, DC 20306; (202) 576-2534/5. Military and other 
full-time federal salaried physicians should contact the Associate 
Director of Education (EDZ), AFIP, Washington, DC 20306; (202) 
576-2934/9. 


The Leading Edge in Diagnostic Ultrasound 


Thomas Jefferson University Hospital will sponsor a program in 
diagnostic ultrasound May 6-9 at Resorts International Hotel and 
Casino, Atlantic City, NJ. An international faculty coordinated by 
Barry B. Goldberg will feature topics in abdomen (adult and pediatric), 
obstetrics (including fetal echocardiography and approaches to treat- 
ment), neurosonography, noninvasive vascular and small-parts im- 
aging, and a 1-day tutorial conference on vascular ultrasound. Guest 
faculty: S. Campbell, H. Hoetzinger, H. Rosenberg, E. Strandness, 
K. Taylor, E. vanSonnenberg, and M. Ziskin. Category 1 credit: 18 
hr. Fee: $350: physicians; $225: residents, fellows, sonographers. 
Information: Education Coordinator, Division of Diagnostic Ultra- 
sound, 7th FI. Main, Thomas Jefferson University Hospital, Philadel- 
phia, PA 19107; (215) 928-8533. 


Symposium on Mammography and Breast 
Ultrasound 


Indiana University School of Medicine and the Dept. of Radiology 
will sponsor a continuing medical education course on mammography 
and breast ultrasound May 14-15 at the Airport Holiday Inn, Indian- 
apolis, IN. Category 1 credit: 6.5 hr. Fee: $100: physicians; $50: 
technologists and nurses. Information: Cathy Limbach, Continuing 
Medical Education, Indiana University Medical Center, Ball Residence, 
1226 W. Michigan St., Indianapolis, IN 46223; (317) 274-8353. 


Magnetic Resonance Imaging 


NYU Medical Center Postgraduate Medical School will sponsor a 
course in MR imaging May 20-22 at the NYU Medical Center, New 
York, NY. The course provides an overview of basic principles, clinical 
applications, and new advances in MR imaging. In addition to lectures 
there will be small-group in-depth workshops stressing fundamental 
understanding and physical basis of MR imaging and applications of 
MR in disorders of the brain, spinal cord, head and neck, spine, and 
body. Category 1 credit: 19 hr. Fee: $450. Information: NYU Medical 
Center Post-Graduate Medical School, 550 First Ave., New York, NY 
10016; (212) 340-5295. 


New Imaging Modalities 


The Dept. of Radiology of the Medical University of South Carolina 
will present a seminar on the newer modalities May 27-29 at the 
Charleston Place Omni Convention Center, Charleston, SC. Empha- 
Sis will be on the role of MR imaging, MR/CT, interventional radiology, 
neuroradiology, nuclear imaging, Doppler ultrasound, and pediatric 
head ultrasound. Category 1 credit: 12 hr. Fee: $250. Program 
director: Stephen Schabel. Information: Susan H. Jones, Meeting 
Coordinator, Dept. of Radiology, Medical University of South Carolina, 
171 Ashley Ave., Charleston, SC 29425; (803) 792-5071. 


The Cutting Edge of Magnetic Resonance Imaging 


The Dept. of Radiology, Hospital of the University of Pennsylvania, 
will sponsor a conference on the cutting edge of MR imaging May 
31-June 4, at the Sonesta Beach Hotel, Bermuda. The 5-day course 
will provide a comprehensive overview of the state-of-the-art of MR 
imaging. Guest faculty: S. M. Blumenfeld, T. J. Brady, J. V. Crues, 
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S. E. Harms, D. Norman, F. W. Wehrli, M. A. Weinstein. Category 1 
credit: 28 hr. Fee: $550: physicians; $325: residents and technolo- 
gists. Information: Janice Ford, CME Coordinator, Radiology Dept., 
Hospital of the University of Pennsylvania, 3400 Spruce St., Philadel- 
phia, PA 19104; (215) 662-6904 or (215) 662-6982. 


Advanced Techniques in MRI 


The Dept. of Radiology, Duke University Medical Center, and 
General Electric Medical Systems will present a course on advanced 
techniques in MR imaging June 6-11, at Kiawah Island, SC. The 
course is designed for those interested in the technical aspects of 
MR imaging and is directed at physicists, engineers, clinicians, and 
technical-support people seeking a detailed explanation of MR. Top- 
ics include image formation with the Fourier transform, RF coil design, 
image synthesis, cardiac imaging, vascular and flow techniques, high- 
speed imaging, and MR microscopy. Guest faculty: G. H. Glover, L. 
W. Hedlund, R. J. Herfkens, G. A. Johnson, N. J. Pelc, R. W. 
Redington, and S. J. Riederer. Category 1 credit: 14 hr. Fee: $350. 
Information: Dr. G. Allan Johnson, Dept. of Radiology, Box 3302, 
Duke University Medical Center, Durham, NC 27719; (919) 684-2711, 
ext. 354. 


Radiotherapy and Combined Treatments for 
Cancer 


The National Cancer Institute of Milan, Italy, will sponsor a post- 
graduate course on radiotherapy and combined treatment June 15- 
17 at the Centro Congressi Hotel Michelangelo, Milan, Italy. Guest 
faculty will include professors from Belgium, Canada, France, the 
Netherlands, Norway, United Kingdom, and the United States. Si- 
multaneous translations will be provided in English and Italian. Fee: 
300,000 lire. Information: Miss Lucia Manfredi, Ufficio Attvita Didat- 
tiche, Instituto Nazionale Tumori, Via G. Venezian 1, 20133 Milano, 
Italy; telephone: 02/2363764. 


Coronary Angiography 1987 


The Dept. of Radiology, Brigham and Women’s Hospital and 
Harvard Medical School, co-sponsored by the Council on Cardiovas- 
cular Radiology of the American Heart Association, will sponsor the 
annual postgraduate course in coronary angiography June 15-18, in 
Boston. Category 1 credit: 24 hr. Fee: $495: physicians; $325: 
residents, fellows, RTs. Program directors: Michael F. Meyerovitz 
and Michael A. Bettmann. Information: Dept. of Continuing Education, 
Harvard Medical School, 25 Shattuck St., Boston, MA 02115; (617) 
732-1525. 


National Conference on Cancer Prevention and 
Detection 


The American Cancer Society will sponsor its 2nd national confer- 
ence on cancer prevention and detection June 25-27, at the Westin 
Hotel, Seattle, WA. This conference is sponsored in cooperation with 
the American Academy of Family Physicians, American College of 
Physicians, American College of Obstetricians and Gynecologists, 
American Academy of Pediatrics, American Society of Preventive 
Oncology, and Oncology Nursing Society. Category 1 credit: 15 hr. 
Fee: $200: physicians and dentists before June 15, $250 after June 
15; $100: all other health professionals before June 15, $150 after 
June 15. Program chairman: Dr. Charles A. LeMaistre. Information: 
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American Cancer Society, Second National Conference on Cancer 
Prevention and Detection, 90 Park Ave., New York, NY 10016; (212) 
736-3030. 


Planning Functional Endoscopic Surgery by CT 


The Depts. of Radiology and Radiological Science and Otolaryn- 
gology—Head and Neck Surgery of The Johns Hopkins University 
School of Medicine will sponsor a course on functional endoscopic 
surgery by CT July 9, at The Johns Hopkins Institutions in Baltimore, 
MD. The course is designed to familiarize the radiologist and otolar- 
yngologist with recent advances in the therapy of sinus disease. It 
will include a program on radiologic diagnosis and mapping of sinus 
disease, emphasizing radiologic-endoscopic correlations and func- 
tion-restoring endoscopic surgery. New reconstruction techniques, 
such as 2-D and 3-D imaging, will be emphasized. Category 1 credit. 
Fee: $150. Course directors: S. James Zinreich and David W. Ken- 
nedy. Information: Carlita M. Kearney, program coordinator, Office of 
Continuing Education, The Johns Hopkins Medical Institutions, Turner 
22, 720 Rutland Ave., Baltimore, MD 21205; (301) 955-3168. 


Diagnostic Course on Imaging Techniques 


The Rochester Roentgen Ray Society will sponsor a diagnostic 
radiology course on imaging and other techniques July 10-12, at the 
University of Rochester School of Medicine, Rochester, NY. The 
course will emphasize diagnostic techniques such as skinny-needle 
aspiration cytology in the diagnosis of benign and malignant breast 
diseases. Radiology technologists are permitted to attend, but the 
course is most beneficial to practicing radiologists. Category 1 credit: 
24 hr. Fee: $350: radiologists; $250: residents and technologists. 
Program director: Wende W. Logan. Information: Wende W. Logan, 
M.D., 1351 Mt. Hope Ave., Rochester, NY; (716) 442-8432. 


Summer Imaging and Interventional Techniques V 


The Dept. of Radiology, Emory University School of Medicine, will 
sponsor a course in imaging and interventional techniques August 
10-14, at Hotel InterContinental, Hilton Head, SC. Guest faculty: M. 
Federle, R. E. Latchaw, R. Rice, E. vanSonnenberg. Course directors: 
R. Kristina Gedgaudas-McClees and Harvey V. Steinberg. Category 
1 credit: 20 hr. Fee: $450: physicians; $200: residents. Information: 
Emory University School of Medicine, Continuing Medical Education, 
1440 Clifton Rd. N.E., Atlanta, GA 30322; (404) 727-5695. 


Registry Review Courses for Sonographers 


Registry review courses for sonographers will be held Sept. 14- 
19, at the Hyatt Regency Crystal City, Arlington, VA (adjacent to 
Washington National Airport). The 3-day physics registry review will 
be conducted by Frederick W. Kremkau. Fee: $300. The 2-day 
abdominal and 1-day OB/GYN registry reviews will be conducted by 
Kenneth J. W. Taylor. Fees: $200 and $100. Information: Louise 
Nixon, Center for Medical Ultrasound, Bowman Gray School of Med- 
icine, Winston-Salem, NC 27103; (919) 748-4505. 


Meeting and Course Review 


For reader convenience, a summary of upcoming meetings and 
courses is provided. Detailed listings are given in the AJA issue noted 
in parentheses. 
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UC San Diego Courses; Physicians Imaging Courses 1987, times 
arranged, San Diego, CA (Nov) 

UC San Diego Visiting Fellowships in MR Imaging, times arranged, 
San Diego, CA (Feb) 

Diagnostic Ultrasound Conference and Post Conference Seminar, 
May 1-3; May 5-9, Los Angeles, CA (Feb) 

Nuclear Medicine, May 3, Pittsburgh, PA (Feb) 

Radiology Review Course, May 3-5, Miami Beach, FL (Feb) 
Surgical Neuroangiography, May 4-8, New York, NY (Jan) 
Refresher Course in Diagnostic Roentgenology, May 4-8, Cincin- 
nati, OH (March) 

Radiology Update 1987, May 6-8, Indianapolis, IN (April) 

The Johns Hopkins Medical Institutions Courses in Abdominal 
and Obstetric Ultrasound: Basic Practicum, May 11-15 and Nov. 
16-20; Advanced Practicum in Ultrasound, Dec. 7-11, Baltimore, 
MD (Feb) 

University of Texas Continuing Medical Education, Advanced 
Radiologic Health, May 11-15; Radiation Safety Officer's Course, 
May 18-22, San Antonio, TX (Sept) 

Echocardiography 1987, May 14-16, Cambridge, MA (Jan) 
international Nijmegen Vascular Symposium: Angioplasty, Vas- 
cular Surgery, Combined Approach, May 1519, Nijmegen, the 
Netherlands (Feb) 

1987 Topical Conference on Fast Imaging Techninis May 15- 
17, Cleveland, OH (April) 

Mammography Courses, May 18-21, Oct. 5-8, Nov. 2-5, Boston, 
MA (Jan) 

Quantitative Thallium Tomography, May 18-19, Atlanta, GA 
(March). 

Computed Tomography and Magnetic Resonance Imaging, May 
- 120-22, Ann Arbor, MI (April) © 

International Continuing Medical Education Series: Topic to be 
announced, May 20-26, Bermuda; Topic to be announced, June, 
ireland; Topic to be announced, July 24-30, Pebble Beach, CA; 
Topic to be announced, Aug., Gstaad, Switzerland (Oct) 
Fieischner Society Annual Symposium, May 21-23, San Francisco, 
CA (July) 

Cardiovascular and Interventional Radiology and New imaging 
Modalities, May 25-29, Sardinia, Italy (March) 

American Society of Head and Neck Radiology, May 28-31, Mil- 
waukee, WI (April) 

1987 Radiology Congress, Lisbon, May 31-June 6 (Aug) 

Society of Nuclear Medicine Annual Meeting, June 2-5, Toronto, 
Ontario, Canada (Dec) 

MGH/Harvard Postgraduate MRI Course, June 3-5, Cambridge, 
MA (April) 

Practical Aspects of Mammography, June 6-7, Waterbury, CT 
(April) 
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The American Board of Radiology Examinations. Oral examina- 
tions: June 8-12, 1987; May 23-27, 1988; June 5-9, 1989, all at 
Louisville, KY. Written examinations: Oct. 8-9, 1987; Oct. 6-7, 1988; 
Oct. 5-6, 1989 (Dec) 

International Congress on Medical Ethics, June 9-12, New York, 
NY (March) 

interventional Radiology, June 11-13, Minneapolis, MN (March) 
Euroson °87, June 14-18, Helsinki, Finland (Sept) 

International Conference on Computer Assisted Radiology, July 
1-4, West Berlin (Feb 1986) 

Diagnostic Imaging Seminar: an Imaging Spectrum Analysis, July 
6-10, Martha’s Vineyard, MA (April) 

Body Imaging: Ultrasound and Computed Tomography Course, 
July 17-19, Stowe, VT (April) 

Symposium on Diagnostic Imaging, August 10-13, Providence, RI 
(April) 

Masters International Diagnostic Radiology Conference, August 
23-28, Paris, France (March) 

Sarcoidosis and Granulomatous Disorders, Sept. 6-11, Milan, Italy 
(June) 

Radiology in Yorkshire, Sept. 13-20, Yorkshire, England (March) 
Diagnostic Ultrasound Course, Sept. 17-19, Ann Arbor, MI (April) 
The Asian-Oceanian Congress of Radiology, Sept. 21-25, Seoul, 
South Korea (Nov) 

International Workshop on Bone and. Soft Tissue Densitometry, 
Sept. 22-25, Buxton, Derbyshire, UK (March) 

Congress on Ultrasonic Examination of the Breast, Oct. 3-5, New 
Orleans, LA (Feb) 

Neuroradiology and Head and Neck Radiology Course, Oct. 12~ 
16, Boston, MA (April) 

Current Trends in Diagnostic Radiology, intervention, and Cross- 
Sectional Imaging— 1987, Oct. 19-22, Boston, MA (April) 


AJR carries announcements of courses, symposia, and 
meetings of interest to its readers if received a minimum of 5 
months before the event. There is no charge; receipt of items 
by the AJR Editorial Office is not acknowledged. Submit items 
for publication typed double spaced. Provide title, date, loca- 


tion, brief description, sponsor, course directors, fees, cate- 
gory | credit, and address and telephone number for additional 
information. Faculty from the host institution will not be listed. 
Guest faculty names will appear only if initials are provided. 
Mail news items to AJA Editorial Office, 2223 Avenida de la 
Playa, Suite 200, La Jolla, CA 92037. 





Classified Advertising 


Positions Available 


ULTRASOUND/CT/MRI. Opportunity for board- 
certified radiologist specializing in ultrasound, 
body CT, and body MRI to pursue academic 
career at The New York Hospital-Cornell Medical 
Center. Dept. provides state-of-the-art equipment, 
including Acuson ultrasound, GE 9800 CT, and 
GE Signa 1.5 Tesla MR. Wide variety of ultra- 
sound examinations include abdominal, Doppler, 
Ob-Gyn, small parts, and neonatal head. Prefer 
candidate with prior fellowship in sectional im- 
aging or ultrasound. Responsibilities include 
clinical practice, teaching, and research. Please 
send CV to Elias Kazam, M.D., Dept. of Radiol- 
ogy, The New York Hospital-Cornell Medical 
Center, 525 East 68th St., New York, NY 10021. 
5-6a 


HEAD, DIVISION OF NEURORADIOLOGY. The 
Dept. of Diagnostic Imaging, St. Michael’s 
Hospital, Toronto, Ontario, invites applications for 
the position of Head of the Division of Neuro- 
radiology in this 700-bed teaching hospital. An ap- 
propriate academic rank within the University 
Dept., subject to approval of the Professor and 
Chairman, is included. Neurosurgery and 
neurology are extremely busy departments and 
neuroradiologic examinations include 500 
angiographic studies and 600 myelographic 
studies per year. There are two CT scanners in 
the hospital. The candidate should be a leader 
in the field of neuroradiology with experience in 
interventional neuroradiology. Dedication to 
teaching and research within this subspecialty is 
essential. The candidate should have an Ontario 
license or be eligible to practice in Ontario. Please 
contact R. W. McCallum, M.B., Acting Director, 
Diagnostic Imaging, St. Michael’s Hospital, 
30 Bond St., Toronto, Ontario M5B 1W8. 5a 


SKELETAL RADIOLOGIST. The Dept. of 
Radiology at the University of Washington is seek- 
ing a board-certified skeletal radiologist. The posi- 
tion involves clinical radiography services, 
medical instruction to fellows, residents and 
medical students, and research. Included in the 
facilities are a PET scanner, several CT and MRI 
units (including an investigative unit), and dual 
and single photon absorptiometry. Salary is com- 
mensurate with rank based on established level 
at the University of Washington School of 
Medicine. The University of Washington is an 
equal opportunity employer. Submit CV to Albert 
A. Moss, M.D., Professor and Chairman, Depart- 
ment of Radiology, SB-05, University of Washing- 
ton, Seattle, WA 98195. 5-6a 


RADIOLOGIST—The Dept. of Radiology of the 
Brigham and Women’s Hospital-Harvard Medical 
School wishes to recruit a staff for positions in 
thoracic and skeletal radiology. These positions 
offer diverse clinical work and opportunities for 
research and teaching. Rank and salary com- 
mensurate with experience. Evidence of interest 
in academic radiology and certification by the 
American Board of Radiology are preferred. We 
are an equal opportunity/affirmative action 
employer. Please send CV in confidence to B. 
Leonard Holman, M.D., Acting Chairman, Dept. 
of Radiology, Brigham and Women’s Hospital, 
75 Francis St., Boston, MA 02115. 5a 


RADIOLOGY—Diagnostic Radiology positions 
available August 1987. Assistant/Associate/Full 
Professor level. Positions in general radiology with 
subspecialty interest in angiography. Duties in- 
clude medical student and resident teaching, 
radiology service, and clinical research. Send 
resumes to Joseph F. Sackett, M.D., Professor 
and Chairman, Dept. of Radiology, E3/366, 
Clinical Science Center, 600 Highland Ave., 
Madison, WI 53792. The University of Wisconsin 
is an equal opportunity/affirmative action 
employer. 5a 


BC/BE RADIOLOGIST for general radiology 
practice including ultrasound, nuclear medicine, 
CT, and angiography to join group of 15 physi- 
cians in northwestern Minnesota community of 
9,000 serving 40,000 patient area. Clinic is part 
of a 185-physician group with facilities in 21 loca- 
tions throughout Minnesota and North Dakota. 
Applicant should have experience in angiography 
(including carotid catheterization) and interven- 
tional radiology including percutaneous trans- 
luminal angioplasty. Competitive salary, excellent 
benefits. Summertime fun in lake country, excel- 
lent fall hunting and wintertime sports. Send 
inquiry and CV to Arnold Carriere, Administrator, 
Falls Clinic, 120 LaBree Ave. South, Thief River 
Falls, MN 56701. 5-7a 


MRI/CROSS-SECTIONAL IMAGING RADIOL- 
OGIST. The Section of Diagnostic Radiology at 
the Dartmouth-Hitchcock Medical Center has an 
opening in cross-sectional imaging with emphasis 
on MRI. Post-residency training required. Position 
entails membership in academic multispecialty 
and teaching dept. Must have strong interest in 
graduate and undergraduate teaching plus 
research. This position carries a faculty appoint- 
ment with the Dartmouth Medical School. Salary 
and benefits are negotiable and competitive. 
DHMC is an equal opportunity/affirmative action 
employer. Send CV to Peter K. Spiegel, M.D., 
Chairman, Section of Diagnostic Radiology, 
Dartmouth-Hitchcock Medical Center, 2 Maynard 
St., Hanover, NH 03756. 5-6ap 


RADIOLOGIST—BOARD CERTIFIED/ELIGIBLE. 
Full or part-time position available with two other 
radiologists in a hospital-based practice that in- 
cludes diagnostic radiology, CT, angiography, 
nuclear medicine, ultrasound, and interventional 
procedures. Teaching hospital with residency pro- 
grams. Please send CV and other inquiries to 
Douglas D. McGirr, M.D., Radiology Dept., San 
Joaquin General Hospital, P. O. Box 1020, 
Stockton, CA 95201. AA/EOE 5a 


VASCULAR INTERVENTIONAL RADIOLOGIST— 
University of Virginia Medical Center, Dept. of 
Radiology. Tenure-track position at rank of Assis- 
tant Professor to Professor. Salary and academic 
rank will be commensurate with experience and 
qualifications. Minimum requirements include 
M.D. with board certification in radiology and com- 
petence in angiography, interventional radiology, 
and special procedures. Starting date is negoti- 
able. Please provide CV and names and addresses 
of three references. Contact Charles J. Tegtmeyer, 
M.D., Professor and Chief, Division of Angiog- 
raphy, Interventional Radiology and Special 
Procedures, Box 170, Charlottesville, VA 22908, 
(804) 924-9401. An equal opportunity employer. 5a 


RADIATION ONCOLOGIST. 180-member multi- 
specialty group seeks a board-certified/board- 
eligible radiation oncologist to expand the service 
offerings of the Oncology Dept. In addition to pro- 
vision of care, radiation oncologist will have con- 
siderable latitude in design of services including 
planning of the proposed radiation therapy plant. 
Duties will include design of facilities, selection 
of equipment, and selection and training of per- 
sonnel. Community of 143,000 offers three univer- 
sities, fine cultural opportunities, and four-season 
recreational activities. Please send CV and 
references to John Weir, Associate Administrator, 
Dakota Clinic, Ltd., P. O. Box 6001, Fargo, ND 
58108. 5-7a 


SOPHISTICATED GROUP OF 10 DIAGNOSTIC 
RADIOLOGISTS seeking young, personable, 
university-trained, board-certified neuroradiologist 
eligible for senior membership in ASNR. Must 
possess considerable MRI skills. Progressive 
private hospital-based practice. A 1.5 T GE MRI 
system and 2 Picker 1200 Scanners are currently 
in place. Apply to PO. Box 221249, Charlotte, NC 
28222. 4-6ap 


MAMMOGRAPHY/ULTRASOUND. Unique oppor- 
tunity available in busy women’s diagnostic center, 
located in lovely south Florida residential area. Two- 
woman group looking for third to join in dynamic 
private practice. Immediate opening. Send inquiries 
and CV to Nilza Kallos, M.D., 6280 Sunset Dr., 
Ste. 603, South Miami, FL 33143. 5ap 


DIAGNOSTIC RADIOLOGIST needed to join one 
radiologist in growing 146-bed hospital in subur- 
ban Dallas. Practice includes all modalities except 
MRI. Prefer university-trained with angioplasty ex- 
perience. Contact Gil Daley, Charter Suburban 
Hospital, 1011 N. Galloway, Mesquite, TX 75149, 
(214) 320-7008 or (214) 349-1495. 5-6ap 


PEDIATRIC RADIOLOGIST—UNEXPECTED 
OPENING. The Division of Pediatric Radiology is 
seeking a second fully qualified pediatric 
radiologist. The section performs approximately 
18,000 examinations a year, and is responsible for 
the performance and interpretation of all pediatric 
studies including ultrasonography, CT, and MRI. 
For further information contact Paul K. Kleinman, 
M.D., Dept. of Radiology, University of Massachu- 
setts Medical Center, 55 Lake Ave. North, 
Worcester, MA 01605 (617) 856-3124. An affir- 
mative action/equal opportunity employer. 5ap 


THE DEPT. OF RADIOLOGY AT THE UNIVER- 
SITY OF MINNESOTA has a tenure-track posi- 
tion available at the rank of Assistant, Associate, 
or Full Professor effective July 1, 1987. At the 
Assistant Professor level, minimum requirements 
are a Ph.D. in medical physics with board cer- 
tification in radiological physics and 1 year of 
experience in clinical radiologic physics. Appoint- 
ment at the rank of Associate Professor requires 
a minimum of 4 years experience in clinical 
radiologic physics, a demonstrated record of 
research, publication, and teaching in addition to 
the other qualifications listed for Assistant Pro- 
fessor status. Appointment at the rank of Pro- 
fessor requires a minimum of 6 years experience 
in clinical radiologic physics, and a strong peer- 
recognized record of research, publication, and 
teaching, in addition to the other qualifications 
listed for Assistant Professor status. Primary 
responsibilities are the supervision and direction 
of clinical diagnostic radiology physics and 
teaching. Participation and project direction in 
diagnostic radiology research is expected. Salary 
is negotiable and competitive, and is dependent 
upon past scholarly productivity and postdoctoral 
experience. Application will be accepted through 
May 31, 1987. Send letter, current CV, and 3 let- 
ters of recommendation to William M. Thompson, 
M.D., Professor and Chairman, Dept. of Radiol- 
ogy, Box 292 UMHC, University of Minnesota 
Medical School, 420 Delaware St. S.E., Min- 
neapolis, MN 55455. The University of Minnesota 
is an equal opportunity educator and employer, 
and specifically invites and encourages applica- 
tion from women and minorities. 5a 


BOARD-CERTIFIED RADIOLOGIST with experi- 
ence in mammography for a tertiary care medical 
center in a suburban area of Michigan. Excellent 
state-of-the-art practice of radiology, as well as 
residency and fellowship in diagnostic radiology. 
Hospital is located in area with excellent school 
systems as well as cultural and recreational ac- 
tivities. Please contact Jalil Farah, M.D., Diag- 
nostic Radiology, William Beaumont Hospital, 
3601 W. 13 Mile Road, Royal Oak, MI 48072. 4—5a 


SOPHISTICATED GROUP OF 10 DIAGNOSTIC 
RADIOLOGISTS seeking a board-certified, 
university-trained imaging specialist. Must have 
completed imaging fellowship and prefer some 
staff experience in ultrasound, body CT, body 
MRI, and limited interventional skills desired. 1.5 
T GE MAI unit, 2 Picker 1200 CT Scanners, and 
5 ultrasound units in place, in progressive, private 
hospital location. Apply to PO. Box 221249, 
Charlotte, NC 28222. 4-6ap 
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A MAJOR AFFILIATED HOSPITAL OF THE 
UNIVERSITY OF MINNESOTA has a nonregular 
position available at the rank of Associate Pro- 
fessor of Radiology beginning June 1, 1987. The 
position is salaried through a contract paid by the 
affiliated hospital. Appointment at the rank of Asso- 
ciate Professor requires 4 years post-residency 
experience, as well as board certification in 
radiology, and a 3-year accredited radiology 
residency. Responsibilities are primarily informal 
and include graduate and undergraduate medical 
instruction, as well as conducting research on an 
inter- and intradepartmental basis. Duties will 
include both inpatient and outpatient clinical 
service. Salary is negotiable and competitive and 
is dependent upon past scholarly productivity 
and post M.D. experience. Applicants must be 
licensed or able to obtain a license to practice 
medicine in the state of Minnesota prior to ap- 
pointment date. Applications for this position will 
be accepted through May 20, 1987. Send letters 
and resumes to Donovan B. Reinke, M.D., Asso- 
ciate Professor and Chief, Dept. of Radiology 
(114), VA Medical Center, 54th & 48th Ave. South, 
Minneapolis, MN 55417. The University of Min- 
nesota is an equal opportunity educator and 
employer, and specifically invites and encourages 
application from women and minorities. 5a 


RADIOLOGIST BC/BE, proficiency in at least 
peripheral vascular angiography. Preferable pro- 
ficiency in interventional radiology, CT, and/or 
ultrasonography. Eligible candidate has oppor- 
tunity for academic position with affiliated Univer- 
sity of Illinois College of Medicine at Champaign/ 
Urbana, and for position as Chief of Service. Ex- 
cellent recreational area. Salary commensurate 
with background; Federal fringe benefits. Call or 
write Vishwas Apte, M.D., Chief of Staff, VA 
Medical Center, Danville, IL 61832. (217) 442-8000 
ext. 563. EOE 5-6a 


TWO POSITIONS AVAILABLE—Immediately: 
General Radiologist, prefer CT/Ultrasound fellow- 
ship. Available in July 87: MRI specialist. Contact 
J.J. Parker, M.D., PO. Box 857, Ross, CA 94957. 
4-6ap 


WANTED—GENERAL RADIOLOGIST to join a 
group practicing in a major tertiary care and a 
small community hospital. Applicants must be 
board certified and have had postresidency or 
fellowship experience. Send CV to Jalil Farah, 
M.D., Director, Diagnostic Radiology, William 
Beaumont Hospital, 3601 W. 13 Mile Rd., Royal 
Oak, MI 48072. 4-6a 


DIAGNOSTIC RADIOLOGISTS SOUGHT—In an- 
ticipation of a planned clinical expansion with a 
complete, newly equipped 12-room radiology ser- 
vice, this medical center is actively recruiting staff 
radiologists. We have openings for board-certified 
radiologists with experience in CT, ultrasound, 
MRI, angiography, and DSA. The 327-bed VA 
Medical Center, Radiology Service, is closely af- 
filiated with the University of lowa College of 
Medicine and suitable candidates may be con- 
sidered for combined University/VAMC appoint- 
ment at a level and salary commensurate with 
training and experience. Send CV to Frank M. 
Behlke, M.D., Chief, Radiology Service, VA 
Medical Center, Ilowa City, IA 52240 or, telephone 
FTS 863-6531 or, (319) 338-0581, ext. 531. Equal 
opportunity/affirmative action employer. 4—5a 


DIAGNOSTIC RADIOLOGIST—Large, private, 
southern New England group, with community 
teaching hospital base plus private office, seeks 
radiologist with broad experience in all phases of 
diagnosis. Individual should have 2 or more years 
of practice experience beyond training. Send CV 
to Box R40, AJR (see address this section). 4/5a 


BOARD-CERTIFIED DIAGNOSTIC RADIOLO- 
GIST to join 8-man hospital-based group. Exper- 
tise in MRI and interventional radiology required. 
Fellowship training preferred. Send CV to W. Ditt- 
man, M.D., 7515 Greenville Ave., Ste. 710, Dallas, 
TX 75231. 3-6ap 


CLASSIFIED ADVERTISING 


A 400-BED COMMUNITY HOSPITAL staffed by 
private practice group seeks a second neuroradi- 
ologist, preferably with MR experience. Ongoing 
neuroradiologic service includes state-of-the-art 
CT, angiography with digital, and myelography. 
MR unit on order. Must be capable and willing to 
do general radiology also. Contact Ben R. Mayes, 
Jr., M.D., Radiology Dept., St. Luke’s Hospital, 
232 So. Woods Mill Rd., St. Louis, MO 63017, 
(314) 434-1500, ext. 4250. 4xa. 


PART-TIME ASSOCIATE REQUIRED, wi. 
possibility of full-time in future for progressive 
radiology group in Southeast, covering three 
hospitals. All modalities except MR, which is ex- 
pected in 1987. Send reply to Box P22, AJR (see 
address this section). 3-5a 


CENTRAL WASHINGTON STATE MULTI- 
SPECIALTY GROUP seeks second BC/BE gen- 
eral radiologist. Hospital and clinic practice with 
ultrasound, nuclear medicine, and mammo- 
graphy. Young, high-quality group of physicians. 
Beautiful four-season town of 25,000 with abun- 
dant recreational opportunities. Please submit CV 
to Michael Graham, M.D., 840 Hill Ave., Moses 
Lake, WA 98837, (509) 765-0216. 3-5a 


NEURORADIOLOGIST-MRI TRAINED to join a 
group of four radiologists in a Brown University 
affiliated hospital. Reply to W. Colaiace, M.D., 
Roger Williams General Hospital, 825 Chalkstone 
Ave., Providence, RI 02908, (401) 456-2204. 3-5a 


BC/BE DIAGNOSTIC RADIOLOGIST—Unex- 
pected vacancy July 1, 1987 in expanding 35-man 
multi-specialty clinic in beautiful Northwest. Seek 
third radiologist for general radiology, mam- 
mography, ultrasound, and CT. Special training 
in ultrasound and CT desirable. Send CV to M.L. 
Eaton, M.D., TAF-C13, Spokane, WA 99220. 3-5a 


MCGUIRE CLINIC, A MULTI-SPECIALTY 
GROUP in central Virginia seeks general 
radiologist to join a four-man radiology dept. Prac- 
tice includes both hospital and outpatient setting. 
Applicant must be experienced in mammography, 
ultrasound, CT, MRI, nuclear medicine, angio- 
graphy, and interventional radiology. Competitive 
salary and excellent benefits available. Work 
towards stockholder status in professional cor- 
poration. For further information, please contact 
William Proctor, M.D., Chairman of the Dept. of 
Radiology at (804) 346-1741 or Hilton R. Almond, 
M.D., Medical Director, McGuire Clinic, Inc. at 
(804) 346-1502. 3-5a 


DIAGNOSTIC RADIOLOGIST position available 
in our 9-person group 10 min. from San Francisco. 
Desire fellowship training in angiography, chest, 
or MRI. Fully-equipped hospital-based HMO prac- 
tice. CV to Terence W. McGrath, M.D., Kaiser Per- 
manente Center, 280 W. MacArthur Blvd., 
Oakland, CA 94611. 3-5ap 


CHIEF, DIVISION OF VASCULAR AND INTER- 
VENTIONAL RADIOLOGY—The Dept. of Diag- 
nostic Radiology of William Beaumont Hospital, 
a major tertiary care and academic institution in 
Michigan, is seeking a candidate to direct the 
Division of Vascular Interventional Radiology. 
Candidates must be board certified in diagnostic 
radiology and have significant academic 
achievements. Income is negotiable and com- 
petitive. Send CV to Jalil Farah, M.D., Director, 
Diagnostic Radiology, William Beaumont 
Hospital, 3601 West 13 Mile Rd., Royal Oak, MI 
48072. 3-5a 


PEDIATRIC RADIOLOGIST. Large hospital- 
based group seeks associate with recent 
pediatric radiology fellowship training. Busy 
private practice group needs second pediatric 
radiologist for coverage of small pediatric 
hospital. Practice would include 25% pediatric 
and 75% adult work. All modalities including MRI. 
Board certification mandatory. Opportunity for 
partnership in well-established western Washing- 
ton practice. Reply Box H74, AJR (see address 
this section). 11-6a 
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DIAGNOSTIC RADIOLOGIST—Radiologist seeks 
board-eligible/board-certified partner to join a 
group practice in a 175-bed general hospital in 
northern Michigan. Our recently renovated 
radiology dept. includes an angiography suite, a 
Phillips real-time ultrasound unit, a Siemens ZLC 
gamma camera with computer, and a new 
dedicated Phillips mammography unit. A 
Siemens DRH CT scanner is currently being in- 
Stalled. We are a regional referral center with a 
service population of approximately 100,000. The 
town is located on the shore of Lake Huron and 
offers excellent sailing, fishing, hunting, and 
cross-country skiing; a great location for those 
who enjoy small town life and the scenic beauty 
of a 4-season climate in the pristine north. Send 
CV to Box P30, AJR (see address this section). 
3-5a 


RADIOLOGIST—A board certified/board eligible 
radiologist with experience is needed to join the 
staff of the Alaska Native Medical Center, 170-bed 
referral facility for a state-wide system of Indian 
Health Service hospitals and clinics. Practice 
stimulating and challenging radiology in a relaxed 
and casual atmosphere. State-of-the-art in-house 
CT, sonography, and mammography. Send CV. to 
C.J. Heitz, Jr., M.D., PO. Box 7-741, Anchorage, 
AK 99510. EOE 2-7a 


RADIOLOGIST for a thriving community on the 
beautiful Pacific northwest coast at Prince Rupert, 
B.C., gateway to Alaska. The 124-bed regional 
hospital serves Prince Rupert and the surroun- 
ding area. Total number of examinations per yr 
is 16,000. Candidates must have obtained LMCC 
status and should have a Fellowship in Radiology 
with experience in ultrasound. Salary and/or fee 
for service basis. Direct applications or inquiries 
to The Administrator, Prince Rupert Regional 
Hospital, 1305 Summit Ave., Prince Rupert, B.C., 
V8J 2A6, Canada. 2-5a 


ISRAEL, DIAGNOSTIC RADIOLOGY. Opportun- 
ities for 3-4 week or longer working vacations in 
a number of Israeli medical centers, on a volun- 
teer basis. Positions varied, arrangements flexi- 
ble. For information contact: Jonathan H. Fish, 
M.D., 1844 San Miguel Dr., #302, Walnut Creek, 
CA 94596; (415) 947-0560. 8xa 


DIAGNOSTIC RADIOLOGIST. Need aggressive 
associate to perform all aspects of diagnostic 
radiology in well-equipped hospital with large out- 
patient component in South Texas. MR training 
a plus but not essential. Excellent salary and 
early partnership available. For confidential con- 
sideration please submit CV to Box H70, AJR (see 
address this section). 11xa 


TWO YOUNG RADIOLOGISTS seek a third radi- 
ologist in expanding hospital-based practice near 
Canadian border in northern New York. All 
modalities available. Write P. Berman, HC 61 Box 
454, Massena, NY 13662. 8-7a 


Positions Desired 


RADIOLOGIST INTERESTED IN JOB SHARING? 
Current senior fellow (MR/CT) at major university 
hospital would like to work part of each year. If 
you value free time more than wealth, reply 
Box S64, AJR (see address this section). 5b 


BOARD-CERTIFIED RADIOLOGIST with 
fellowship training and experience in MRI, CT, 
ultrasound, general and neuroangiography, in- 
terventional radiology, and nuclear medicine 
seeks position with hospital-based or private- 
practice group. Reply Box S66, AJR (see address 
this section). 5b 


PGY-2 GENERAL SURGERY RESIDENT seeks 
PGY-2 radiology residency position for July 1987 
or 1988. Top ranking U.S. medical school 
graduate with multidisciplinary surgical training 
and skills. Dedicated, hard working, enthusiastic. 
Reply J. Housman, M.D., 220 East 72nd St., Apt. 
26G, New York, NY 10021. 4-5b 
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Fellowship and Residencies 


CARDIOVASCULAR INTERVENTIONAL RADI- 
OLOGY FELLOWSHIP—July 1, 1987. Unex- 
pected opening for 1-year fellowship program 
beginning July 1, 1987. Also, now accepting ap- 
plications for candidates for July 1, 1988. One- 
year program at 454-bed teaching hospital with 
departmental affiliation to the University of Pitts- 
burgh. Busy dept. covering all aspects of cardio- 
vascular and neurovascular imaging, as well as 
vascular and nonvascular interventional radiol- 
ogy. Inquiries to Mark H. Wholey, M.D., Director, 
Dept. of Radiological Sciences and Diagnostic 
Imaging, Shadyside Hospital, 5230 Centre Ave., 
Pittsburgh, PA 15232. (412) 622-2083. 5a 


INTERVENTIONAL RADIOLOGY FELLOWSHIP. 
The Dept. of Radiology of the University of South 
Florida offers a 1- and 2-year fellowship in in- 
terventional radiology. Procedures include all 
noncardiac diagnostic angiography, angioplasty, 
chemoembolization, lymphangiography, arth- 
rography, biopsies, GI and GU drainages, 
ganglion and facet blocks, and gastrostomies. 
The 2-year program will include a year as junior 
faculty. There is extensive exposure to MRI, CT, 
and ultrasound. Send CV to Stephen F. Quinn, 
M.D., U.S.F., H. Lee Moffitt Cancer Center and 
Research Institute, Dept. of Diagnostic Imaging, 
P. O. Box 280179, Tampa, FL 33682-0179. 5c 


FELLOWSHIP, DEPT. OF RADIOLOGY. Cedars- 
Sinai Medical Centre, a 1201-bed acute care, 
research, and teaching hospital affiliated with the 
UCLA School of Medicine, has an opening for a 
1-year fellowship with emphasis on CT/US/MRI 
available 7/1/87; 17 radiologists associated in 
practice. Applicant must have completed an ap- 
proved residency in diagnostic radiology, must 
be board eligible/certified, and must have a 
California state medical license by 7/1/87. Please 
send letter of inquiry with CV to Mitchell Komaiko, 
M.D., Cedars-Sinai Medical Center, Dept. of 
Radiology, 8700 Beverly Blvd., Rm. 5431, Los 
Angeles, CA 90048 or call (213) 855-3048. 
Cedars-Sinai Medical Center is an equal oppor- 
tunity employer. 5-7c 


PEDIATRIC RADIOLOGY FELLOWSHIP POSI- 
TION. The Division of Radiology is offering a 
1-year fellowship in pediatric radiology. The sec- 
tion serves active pediatric medical and surgical 
dept. and performs 18,000 examinations a year. 
The pediatric radiologists assume the principle 
responsibility for all studies and procedures on 
children including CT, ultrasonography, and MRI. 
For further information contact Paul K. Kleinman, 
M.D., Dept. of Radiology, University of Massa- 
chusetts Medical Center, 55 Lake Ave. North, 
Worcester, MA 01605 (617) 856-3124. An affirma- 
tive action/equal opportunity employer. 5cp 


THE DEPT. OF RADIOLOGY AT THE UNIVER- 
SITY OF MINNESOTA has a temporary, 2-year 
fellowship trainee position in cardiovascular 
radiology available at the rank of Instructor begin- 
ning July 1, 1987. Minimum requirements include 
board certification in radiology by beginning date 
of appointment, and an accredited radiology 
residency. Successful candidates will be respon- 
sible for performance of all clinical procedures 
in specialty setting, graduate and undergraduate 
medical instruction, and assisting with related 
dept. research projects. Salary is negotiable and 
competitive and is dependent upon past scholarly 
productivity and post-M.D. experience. Candi- 
dates must be licensed or able to obtain a license 
to practice medicine in the state of Minnesota 
prior to appointment date. Send letters by 
May 31, 1987, to William M. Thompson, M.D., Pro- 
fessor and Chairman, Dept. of Radiology, Univer- 
sity of Minnesota Medical School, Box 292 
UHMC, Minneapolis, MN 55455. The University 
of Minnesota is an equal opportunity educator 
and employer, and specifically invites and 
encourages applications from women and 
minorities. 5c 


CLASSIFIED ADVERTISING 


Tutorials/Courses 


FRONTIERS OF INTERVENTIONAL RADIOLOGY: 
NEW DEVICES, METHODS, AND CONCEPTS, 
June 15-17, 1987. Massachusetts General 
Hospital/Harvard Medical School, Boston, MA 
(617) 726-8219. 5d 


THE UNIVERSITY OF MINNESOTA, DEPT. OF 
RADIOLOGY will present its 50th Annual Con- 
tinuation Course, September 21-25, 1987 in Min- 
neapolis. Thirteen guest faculty will participate 
in this 5-day, comprehensive review. This year’s 
subject, Chest-Cardiovascular Imaging and In- 
tervention, will be a comprehensive course em- 
phasizing both conventional diagnostic 
techniques and advanced imaging modalities, 
including computed tomography, digital angi- 
ography, and magnetic resonance imaging. The 
pulmonary lectures will focus on many of the 
practical issues facing radiologists in their daily 
work. Special imaging and interventional tech- 
niques will highlight the 2 days of cardiac presen- 
tations. Registration fee: $450 (inquire about the 
reduced fee for medical fellows, military per- 
sonnel and VA physicians). 30 % hr Category 1 
credit. For information contact Office of Continu- 
ing Medical Education, University of Minnesota, 
Box 202 UMHC, 420 Delaware St. S.E., Minne- 
apolis, MN 55455. (612) 626-5525. 5-7d 


THE ROCHESTER ROENTGEN RAY SOCIETY 
will sponsor a 3-day diagnostic radiology course 
on imaging and other diagnostic techniques, 
such as skinny-needle aspiration cytology, in the 
diagnosis of benign and malignant breast 
diseases, at the University of Rochester School 
of Medicine, Rochester, NY, July 10-12, 1987. 
Radiology technologists are permitted to attend 
but the course is most beneficial to practicing 
radiologists. Fee: $350: radiologists; $300: 
residents and technologists. Category 1 credit: 
24 hr. Program director: Wende W. Logan, M.D. 
Information: 1351 Mt. Hope Ave., Rochester, NY 
14620 (716) 442-8432. 4-6d 
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LONDON—PARIS FALL ULTRASOUND. Attend 
one or both, September 19-27, 1987, CME | ac- 
creditation. For registration and information con- 
tact Medical Seminars International, 21915 
Roscoe Blvd., Ste. 222, Canoga Park, CA 91304, 
(818) 340-0580 ext. 280. 3-8d 


ALASKA 87—CRUISE THE INLAND PASSAGE. 
July 4-11, 1987. Dr. Thomas Berquist, Mayo 
Clinic, Diagnostic Imaging, CME |. For informa- 
tion contact Medical Seminars International, 
21915 Roscoe Blvd., Ste. 222, Canoga Park, CA 
91304, (818) 340-0580 ext. 280. 3-6d 


Other 


PRIVATE PRACTICE OPPORTUNITY. 1348-ft fur- 
nished and equipped radiology office in best north 
Dallas location. Sell or lease. Will help finance. 
Opportunity for radiologist considering practice 
change, or semiretirement, in “carriage trade” 
Woodhill Medical Park. Call (214) 960-9727 after 
7 p.m. 5e 


MRI OVER-READING SERVICE. Backup inter- 
pretation of MR scans now available using state- 
of-the-art Raytel teleradiology equipment and 
regular phone lines. Service available from 
across-the-street to across-the-country from 
1-month to 1-year. Competitive rates. Contact Mur- 
ray A. Solomon, M.D., San Jose MRI Center, 361 
South Monroe, San Jose, CA 95128. 1-6ep 


REALIZE THE VALUE of your practice. A group 
of successful and well-qualified radiologists is in- 
terested in acquiring established radiology prac- 
tices. Hospital contracts, clinics, and private office 
settings are desired. Opportunity for radiologists 
considering retirement or reduction in practice ac- 
tivities to capitalize on the value of the practice 
they have built up during their careers. Alleviate 
the problems of professional recruitment or ad- 
ministrative pressures. Practices considered 
throughout the country. Flexible purchase options 
with opportunity for continuing relationship ar- 
rangements. Write Box C49, AJR (see address 
this section). 6-5e 
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AJR Classified Advertising Information 
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AJR accepts classified advertising for Positions Available, Positions Desired, Fel- 
lowships and Residencies, and Tutorials/Courses. Ads are accepted by mail or 
telephone. Institutions should supply purchase orders. 

Rates: $6.00/line with a $30 minimum charge. Box service is $10 additional for each 
month the ad appears. There are discounts for multiple insertions: 10% for 2-3 inser- 
tions; 20% for 4 or more. To estimate lines, count all words and divide by 5.5. 

Billing: Ads may be prepaid or invoices will be sent after the ad appears. 

Deadlines. About 3 weeks before the issue mails. AJR issues mail in the middle 
of the month preceding the cover date (e.g., July mails June 17). For specific deadlines, 
write or telephone the AJR editorial office. 









You learn from your experience with 


CONTEMPORARY DIAGNOSTIC RADIOLOGY 


Editor: Robert E. Campbell, M.D. 


A Biweekly Review of Clinical Radiologic Practice—26 issues a year! 


One of your toughest jobs is keeping up with the 
many new developments that affect radiology. 
That's why you want Contemporary Diagnostic 
Radiology...an effective and 
convenient way to perfect your 
skills and maintain your profes- 
sional status. 


Contemporary Diagnostic Radi- 
ology is designed as a continuing 
education program that lets you 
work at your own pace. Every two 
weeks you'll receive an issue that 
covers a single topic or procedure 
in detail. Read the information and 
study the clearly reproduced radi- 
ographs—and then, if you choose, 
respond to a comprehensive 
examination in the strictest confi- 
dence. You set the pace. 

Each biweekly lesson brings you 
pertinent review of the basics in 
bone radiology ... gastrointestinal 
radiology... pediatric radiology... 
genitourinary radiology... MR 
imaging...and all of the topics 
you want to know more about. 


amavis DREN 








Contemporary Diagnostic Radiology works two 
ways. You may choose to subscribe to the non- 
scoring version, receiv'ng every issue as an impor- 
tant element of your professional 
reading. The scoring version, how- 
ever, supplements your reading 
and computer-coded examina- 
tions with confidential result 
responses, making you eligible for 
Continuing Medical Education 
credits co-sponsored by the Uni- 
versity of Pennsylvania School 

of Medicine. 


“As an organization for continu- 
ing medical education, the Uni- 
versity of Pennsylvania School of 
Medicine designates this contin- 
uing medical education activity 
as meeting the criteria for 1 
credit hour per bi-weekly issue in 
Category | for Educational 
Materials for the Physician's 
Recognition Award of the Ameri- 
can Medical Association pro- 
vided it has been completed 
according to instructions.” 


You can begin this ongoing program today. Contemporary Diagnostic Radiology 
is a year-round program, so you can join at any time. To begin your lessons, just fill 
out the enclosed card and return it to us. Or call FREE 1-800-638-6423 (except from 
Alaska). In Maryland call COLLECT 528-4105. You'll find that Contemporary Diag- 
nostic Radiology is the most efficient and inexpensive way to keep up with your 


dynamic field. 
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P.O. Box 23291 
Baltimore, Maryland 21203 
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CONTEMPORARY DIAGNOSTIC RADIOLOGY 


O Yes! | want to keep pace in my field! Begin my 
26-issue subscription: 

O Send me the scoring version ($220) 

(J Send me the non-scoring version ($180) 

O Send me the resident non-scoring version ($160) 
(add $35 for optional air mail delivery outside the U.S. ) 

O new subscription 

O renewal 





name 








adaress 








city/state/zip 


payment options 
O payment enclosed 
O American Express 


O bill me 


O MasterCard O VISA 


printed in USA 





card # expiration date 


signature/P.O. # 


Maryland residents add 5% sales‘tax. Subscriptions outside the U.S. 
must be prepaid in U.S. dollars only. Rates subject to change with- 
out notice. Please allow 8 weeks for delivery of your first issue, up to 
16 weeks for surface delivery outside the U.S. Optional airmail rates: 
add $35 per subscription. 


Residents are eligible for the special in-training rate for up to three 
years. When requesting this rate, please include training status and 
institution 


FS Don't forget: you can order with a FREE phone 
call at 1-800-638-6423 (except from Alaska). In 
Maryland, call collect 528-4105. 


Williams & Wilkins 
P.O. Box 23291 
Baltimore, Maryland 21203 


266 Fulham Road 
London SW10 9EL England 
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ACADEMIC 
POSITIONS 


Full time academic positions are available at the 
new Los Angeles County Olive View Medical 
Center, a teaching hospital for the U.C.L.A. School 
of Medicine serving the San Fernando Valley. 


Applicants must be eligible for faculty appoint- 
ments in the U.C.L.A. School of Medicine with rank 
appropriate to prior clinical and academic ex- 
perience. Physicians must be board eligible in 
radiology and eligible for California license. Posi- 
tions open are as follows: 


e Specialist in Pediatric and Neonatal Radiology 
e Specialist in Interventional Radiology including 
Angioplasty. 


Excellent fringe benefits. EOE. Send curriculum 
vitae and bibliography with letter of application to: 


eq pe 

EAS Z 
siie 
onno 
OLIVE VIEW 

MEDICAL CENTER 


Issa Yaghmai, M.D. 
Professor and Chairman 
Department of Radiology 
OLIVE VIEW 

MEDICAL CENTER 
7533 Van Nuys Blvd. 
Van Nuys, CA 91405 
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À 12TH ANNUAL 
INTERNATIONAL BODY 
IMAGING CONFERENCE 


Westin Hotel, Maui, Hawaii 
October 10-18, 1987 

Faculty will include Drs. W. Ashburn, UC San Diego; G. Glazer, Univ. of 
Michigan; G. Leopold, UC San Diego; A. Lurus, Holy Family Hospital, 
Spokane; M. Manco-Johnson, Univ. of Colorado; A. Mancusso, Univ. of 
Florida; P. Mueller, Massachusetts Gen’! Hospital; L. Partain, Vanderbilt 
Univ.; P. Ralls, Univ. of Southern California; Ralph Ranalli, Phillips 
Medical Systems; D. Stephens, Mayo Clinic; E. Von Sonnenberg, UC 
San Diego; and F. Weill, Univ. of Besancon, France. The conference will 
present a correlative approach to Computed Tomography, Ultrasono- 
graphy, Digital Radiography, Conventional Radiography and Magnetic 
Resonance Imaging SPECIAL FOCUS SESSIONS ON INTER- 
VENTIONAL RADIOLOGY will be presented. 


Third Annual 
LONDON - PARIS FALL 


ULTRASOUND MEETING 
September 19-27, 1987 
London sessions Sept. 19-23 e Paris sessions Sept 23-26 
Attend one or both 

Faculty includes Drs. C. Heron, D. Kalifa, J. Lorphelin, M. Manco-Johnson, 
Y. Menu, D. Mompoint, J. Montagne, J. Moreau, M. Plainfosse, F. Weill 
These programs are sponsored through the Dept of Radiology, Nu- 
Med Regional Medical Center with application made for Category | 
CME accreditation. 





For further information and registration: 
Medical Seminars International, Inc. 
21915 Roscoe Blvd., Suite 222 
Canoga Park, CA 91304 
(818) 340-0580 x 280 
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Protect your copies of 


AJNR: AMERICAN 
JOURNAL OF 
NEURORADIOLOGY 


with Jesse Jones Binders or Files 


Keep your journals clean, orderly, and readily acces- 
sible with Jesse Jones Binders or Files. One Binder or 
one box style File is all you need to accommodate a 
full year’s worth of issues. Both Binders and Files are 
handsomely made with rich dark blue leatherette 
covers and gold leaf embossed lettering. 


Jesse Jones Binders open flat for easy reading and 
reference and are economically priced at only $9.95 
each; 3 for $27.95, or 6 for $52.95 postpaid. The rugged, 
compact box Files are only $7.95 each; 3 for $21.95, or 6 
for $39.95. Add $1.00/unit postage and handling. 
(Outside the U.S. add $2.50/unit.) 


For charge orders call toll free 1-800-972-5858. ($15.00 
minimum). 


Free gold transfer slips included for indexing volume 
and year. 


Please allow four to five weeks for delivery. 


TO: Jesse Jones Industries 
499 E. Erie Avenue, DEPT. AJNR 
Philadelphia, PA 19134 


I enclose my check or money order for $ 
(PA residents add 6% sales tax) 


Send me O Files O Binders for my journals 
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Address (will not ship to P.O. Box) _ 





City/State/Zip 


Satisfaction guaranteed. 
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ae From the beginning of Fuji’s effort 
~ to manufacture the highest quality med- 
ical x-ray films in the world, one thing 
was apparent. Quality that can’t be repro- 
duced with every sheet is no quality at all. 
That’s why Fuji designed and constructed 

“what remains today the most modern and sophis- 
© ticated medical x-ray film factory in the world. So with 

the same assurance you would have that these 100- dollar 

bills are identical, one to another, it is with this mind set 
that Fuji manufactures medical x-ray film. The result: From 
sheet-to-sheet, box-to-box, no manufacturer produces a 
more consistent medical x-ray film than FUJI. NO ONE! 

The point is—If you’re not 
getting this kind of consis- 
tency from your current 
film, you are wasting 
hundreds of dollars. 


Let Fuji show your 
radiology department the 
difference between con- & 
sistent and UNCOMMONLY 
CONSISTENT. Call your 
local Fuji Representative, 
or 800-431-1850. 
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90 Viaduct Road, P.O. Box 4960, Stamford, CT 06907 
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839 Cine MR determination of left ventricular ejection frac- 
tion. Utz JA, Herfkens RJ, Heinsimer JA, et al. 

845 Abdominal CT in the staging of small-cell carcinoma 
of the lung: incidence of metastases and effect on 
prognosis. Mirvis SE, Whitley NO, Aisner J, Moody M, 
Whitacre M, Whitley JE 

849 Transthoracic needle aspiration: use of a small chest 
tube to treat pneumothorax. Perlmutt LM, Braun SD, 
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BREAST RADIOLOGY 


855 Breast calcifications in renal hyperparathyroidism. 
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859 Percutaneous abscess drainage in Crohn’s disease. 
Safrit HD, Mauro MA, Jaques PF 

863 Small bowel disease: categorization by CT examina- 
tion. James S, Balfe DM, Lee JKT, Picus D 

869 "Tc RBC scintigraphy: correlation of gastrointestinal 
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Serious 


side effects. 


Pulling forward on the sidestraps 
of any of E-Z-EM'’s Pinnacle™ 
Adjust-A-Weight™ protective 
garments has a very noticeable 
effect—it gradually redistributes the 
weight of the garment from your 
shoulders to your back and hips. 
The amount that you pull deter- 
mines how the weight is spread, and 
spreading the load makes you feel 
more comfortable all over. 


Our patented design uses non-snag 
Velcro® brand fasteners for easy 
adjustment, and comes in a variety 
of styles for radiology, cath lab, 

and operating room use. They’re 
available in your choice of fabric, 
color, and trim. 


To find out why Pinnacle has 
become the industry standard 

for comfort, contact your local 
representative, or call E-Z-EM toll- 
free at 800-645-3052. In New York 
call 516-333-8230. 


E-Z-EM 
More than barium— 
much more 





E-Z-EM, Inc. 
7 Portland Avenue 
Westbury, NY 11590 
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Inquiries regarding subscriptions, display advertising, re- 
prints, or permission to republish AJR material should be 
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The Williams & Wilkins Co. 
428 E. Preston St. 
Baltimore, MD 21202 Telephone: (301) 528-4133 

The AJR publishes original contributions to the advance- 
ment of medical diagnosis and treatment. Submitted manu- 
scripts should not contain previously published material and 
should not be under consideration for publication elsewhere. 
Papers dealing with neuroradiology should be addressed to: 
American Journal of Neuroradiology, Dept. of Radiology, Mas- 
sachusetts General Hospital, Boston, MA 02114. At the dis- 
cretion of the AJR Editor, AJNR articles that are of interest to 
the general reader may be republished in the AJR. Neuro- 
radiologic papers sent to the AJR will be forwarded to the 
Editorial Office of the AJNR. 

Manuscript decisions are based on peer review. Reviewers 
receive manuscripts without title pages to ensure an unbiased 
review. All accepted manuscripts are subject to editing. State- 
ments made in the article, including changes made by the 
Editor or manuscript editor, are the responsibility of the author 
and not of the AJA or its publisher. Authors will be sent the 
edited manuscript, galley proof, and proofs of illustrations. If 
the corresponding author will be unavailable to review galleys, 
arrangements should be made for a coauthor or colleague to 
read and return the proof. 


General Guidelines for Major Papers 


Abstract. Clearly state (in 200 words or less) the purpose, 
methods, results, and conclusions of the study. Include actual 
data. 

Introduction. Briefly describe the purpose of the investiga- 
tion, including relevant background information. 

Methods. Describe the research plan, the materials (or 
subjects), and the methods used, in that order. State in detail 
the confirmation of disease and control of subjectivity in 
observations. 

Results. Present results in a clear, logical sequence. If tables 
are used, do not duplicate tabular data in text, but do describe 
important trends and points. 

Discussion. Describe the limitations of the research plan, 
materials (or subjects), and methods, considering both the 
purpose and the outcome of the study. When results differ 
from those of previous investigators, explain the discrepancy. 
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AUTHOR’S CHECKLIST 


For priority handling, please complete the following check- 
list, sign the copyright form on the reverse side of this 
page, and mail in both with your manuscript. 


____ Two copies of the manuscript (the original and a 
photocopy) and two complete sets of figures are submitted. 
One copy has been retained by the author. 
____ If appropriate, AJR Guidelines for case reports, tech- 
nical notes, pictorial essays, or letters to the Editor have been 
followed. (See page AS.) 

= The manuscript, including references, figure leg- 
ends, and tables, is typed double-spaced throughout on 8¥2 
x 11 in. (21.6 x 27.9 cm) nonerasable paper. Right-hand 
margins are not justified. 
__ All manuscript pages are numbered consecutively 
beginning with the abstract. Authors’ names do not appear 
on the manuscript pages. 

= __ The manuscript is organized as follows: title page, 
blind title page (title only), abstract, introduction, methods, 
results, discussion, acknowledgments, references, tables, fig- 
ure legends, and figures. 

_ Informed consent has been obtained from patients 

who participated in clinical investigations. If experiments were 
performed on animals, authors complied with NIH guidelines 
for use of laboratory animals. 
_Use of unfamiliar acronyms and abbrevations is kept 
to a minimum. When abbreviations are used they are written 
out at first mention, with the abbreviation following in paren- 
theses. 


__ Metric measurements are used throughout, or the 
metric equivalent is given in parentheses. 

Names and locations (city and state only) of manu- 
facturers are given for equipment and nongeneric drugs. 


Title Page 

The following information is given: title of article; 
names and complete addresses (including zip code) of all 
authors: current addresses of authors who have moved since 
study; acknowledgment of grant or other assistance. The 
corresponding author is clearly identified, and a current ad- 
dress and phone number are given. 

_ Two copies of a blind title page are included giving 
only the title (without the authors’ names) for use in the review 
process. 


Abstract 

An abstract of approximately 200 words concisely 
states the purpose, methods, results, and conclusions of the 
study. Actual data are included. 

No abbreviations or reference citations are used in 
the abstract. 


References _______ Tables are numbered in the order in which they are 
cited in the text. 
________ Abbreviations are defined in an explanatory note 
below each table. 
—______ Tables are self-explanatory and do not duplicate 
data given in the text or figures. 

_____ All arithmetic (percentages, totals, differences) has 
been double checked for accuracy, and tabular data agree 
with data given in the text. 


_______. References (not to exceed 35) are typed double- 
spaced starting on a separate page and are numbered con- 
secutively in the order in which they appear in the text. 
________ All references are cited in the text and are enclosed 
in brackets and typed on line with the text (not superscript). 
________ Unpublished data are not cited in the reference list, 
but are cited parenthetically in the text, for example, (Smith 
DJ, personal communication), (Smith DJ, unpublished data). 
This includes papers submitted, but not yet accepted, for 
publication. 
Inclusive page numbers (e.g., 333-335) are given Figures and Legends 
for all references. 


_________ Journal names are abbreviated according to /ndex ______ Two complete sets of original figures are submitted 
Medicus. unmounted in labeled envelopes. 
___ Style and punctuation of references follow the for- ~~~ Figures are clean, unscratched, 5 x 7 in. (13 x 18 


mat illustrated in the following examples (all authors are listed cm) glossy prints with white borders. A separate print is 
when six or less; when seven or more authors, the first three Submitted for each figure part. 


are listed, followed by “et al.”): ____ Each figure is labeled on the back with the figure 
. number and an arrow indicating “top.” Labeling is done on a 
Journal article gummed label and then affixed to the back of the print. (Never 


1. Long RS, Roe EW, Wu EU, et al. Membrane oxygenation: radiographic 


ink on front or k of figures. 
appearance. AJR 1986:146: 1257-1260 use O ont or back o gu es.) 


~~~ Author’s names are not written on the backs of 
Book 7 figures. 
Pret ial AR. Pathology of tumors, 6th ed. Baltimore: Williams & me Only removable (rub- on) arrows and letters are used 
en ; a biet on the figures. Symbols are uniform in size and style and are 
apter in a DOO 
3. Breon AJ. Serum monitors of bone metastasis. In: Clark SA, ed. Bone not broken or cracked. , WEN e 
metastases. Baltimore: Williams & Wilkins, 1983:165-180 ______ Images are uniform in size and magnification. 


4. Lau FS, Kirk AN, Beck RA. MR imaging of the spine. Presented at the background and are of professional quality. (Only glossy 


annual meeting of the American Roentgen Ray Society, Washington, DC, April prints, not originals or photocopies, are acceptable.) 

1986 | Written permission has been obtained for use of all 

Tables previously published illustrations (and copies of permission 
letters are included), and an appropriate credit line is given in 

l Each table is typed double-spaced on a separate the legends. 

page without vertical or horizontal rules; each has a short, _______ Legends are typed double-spaced, and figure num- 

descriptive title. Tables do not exceed two pages in length bers correspond with the order in which the figures are cited 

and contain at least four lines of data. in the text. 


Transfer of Copyright Agreement and Exclusive Publication Statement 


Complete copyright to the article entitled: 








is hereby transferred to the American Roentgen Ray Society (for United States government employees to the extent transferable), effective if and when the article 
is accepted for publication in the American Journal of Roentgenology. In the case of the authors who are officers or employees of the United States government, 
the American Roentgen Ray Society recognizes that works prepared by officers or employees of the United States government as part of their official government 
duties are in the public domain. 

Authors reserve all proprietary rights other than copyright, such as patent rights and the right to use all or part of this article in future works of their own. The 
authors retain the right of replication, subject only to crediting the original source of publication and receiving written permission from the publisher. 

Authors guarantee that this manuscript contains no matter that is libelous or otherwise unlawful, invades individual privacy, or infringes any proprietary rights. 

Authors understand that they will receive no royalty or other compensation from the American Roentgen Ray Society. 

Finally, the authors certify that none of the material in this manuscript has been published previously or is currently under consideration for publication elsewhere. 
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Case Reports 


A case report is a brief description of a special case that 
provides a message that transcends the individual patient. 

Format. There is no abstract. The introduction should 
be a short paragraph giving the general background and 
the specific interest of the case. No more than one case 
should be described in detail (similar ones can be men- 
tioned briefly in the discussion). Emphasis should be on 
the radiologic aspects; clinical information must be limited 
to that necessary to provide a background for the radiol- 
ogy. The discussion should be succinct and should focus 
on the specific message and relevance of radiologic meth- 
ods. A review of the literature is not appropriate. 

Length. Maximum of five double-spaced, typewritten 
pages, including the references but not the title page or 
figure legends. 

References. Maximum of eight. 

Figures. Maximum of three or four, unless the text is 
shortened accordingly. Legends must not repeat the text. 

Tables and Acknowledgments. Not appropriate in case 
reports. 

















Pictorial Essays 














A pictorial essay is an article that conveys its message 
through illustrations and their legends. Unlike other AJR 
articles, which are based on original research, pictorial 
essays serve primarily as teaching tools, like exhibits at a 
scientific meeting. They are not encyclopedic book chap- 
ters. No abstract is necessary. 

Length. Maximum of four double-spaced, typewritten 
pages, including the references but not the title page or 
figure legends. 

References. Maximum of four. 

Figures. Maximum of 30 figure parts. Number should be 
as few as necessary to convey the message of the paper. 

Tables and Acknowledgments. Not appropriate in pic- 
torial essays. 












Opinions, Commentaries, and Perspectives 


Opinions, commentaries, and perspectives are special 
articles dealing with controversial topics or issues of spe- 
cial concern to radiologists. 

Format. Include a title page but no abstract. Headings 
may be used to break up the text. 

Length. Maximum of five double-spaced, typewritten 
pages. 

References. Maximum of five. 

Tables and Figures. Maximum of four. 

















Technical Notes 


A technical note is a brief description of a specific 


technique or procedure, modification of a technique, or 


equipment of interest to radiologists. 


Format. No abstract, headings, or subheadings are re- | 


quired. If headings are used, they should be a combination 
of “Case Report,” “Materials and Methods,” “Results,” and 
“Discussion.” A brief one-paragraph introduction should 


be included to give the general background. Discussion | 


should be limited to the specific message, including the 
uses of the technique or equipment. Literature reviews 
and lengthy case reports are not appropriate. 

Length. Maximum of five double-spaced, typewritten 


pages, including the references but not the title page or 


figure legends. 

References. Maximum of eight. 

Figures. Maximum of two, unless the text is shortened 
accordingly. 





Tables and Acknowledgments. Not appropriate in tech- | 


nical notes. 











Letters to the Editor and Replies 


Letters to the Editor and Replies should offer objective 
and constructive criticism of published articles. Letters 
may also discuss matters of general interest to radiolo- 
gists. 

Format. All letters should be typed double-spaced on 


nonletterhead paper, with no greeting or salutation. Sig- | 


nature and affiliation should appear at the end of the letter. 
Titles for letters should be short and pertinent. The title for 
a reply is simply “Reply.” 


Length. Maximum of two double-spaced, typewritten | 


pages, including references. 
References. Maximum of four. 
Figures. Maximum of two. 


Tables and Acknowledgments. Not appropriate in Let- | 


ters to the Editor and Replies. 
























Computer Page Articles 


tical computer applications to radiology. 
Format. Include a title page but no abstract. 


pages. 
References. Maximum of five. 
Figures and Tables. Maximum of five. Computer print- 
outs are not acceptable. Figures must be submitted as 5 
x 7 in. glossy prints. 








All submissions to the AJR must be accompanied by a completed copy of the Author’s Checklist and the signed 
Copyright Agreement. 
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Articles published on the computer page deal with prac- | 





Length. Maximum of eight double-spaced, typewritten | 





The difference between sharp 


Conventional silver halide grains are pebble-shaped, like these. 


See for yourself the difference between sharp and 
sharper. Ask your Kodak representative for a view box 
comparison of your current film and Kodak T-Mat films. 





and sharper. 


Kodak 1-Grain emulsion technology results in “tabular” grains. 


The difference between conventional silver grains The only other difference is noticeably less process- 
and tabular grains can be seen in the sharpness ing sensitivity! Ask your Kodak representative for 

of the images. And only in Kodak |-Mat films do you a head-to-head demonstration of Kodak |-Mat films. 
get the sharpness produced by I-Grain emulsions. And about all the extra support that comes with any 
Best of all, there aren't any tradeoffs. You get increased Kodak product. Or write for details. Eastman Kodak 
detail, yet technics are the same as with Kodak ortho Company, Dept. 412-LMI, 343 State Street, 

films and Kodak Lanex screens, including the same Rochester, New York 14650. K 
high, motion-stopping, exposure-reducing speeds. Can you afford anything less? 





Tecnomed USA 


BAY SHORE MEDICAL EQUIPMENT CORP. 





The TecRad FT general radiographic 
system consists of a 600 mA single 
phase x-ray generator, a four-way 
floating top, horizontal bucky table, in- 
tegrally mounted tubestand with X-ray 
tube and collimator. The basic system 
has several optional components that 
may be added to, or substituted for, 
basic components to tailor a system 
to specific needs. System construction 
makes it suitable for use in hospitals 
as a back up radiographic room, in out- 
patient departments, clinics, public 
health agencies, industrial clinics, or 
orthopedic clinics. 





The TecRad generator consists of a 
solid state control with a separate high 
voltage transformer. The transformer 
is housed within the table body in 
single room installations. This 
generator is limited to radiographic 
Capabilities with no provision for 
fluoroscopic functions. 


The TecRad FT table consists of a 
table base, housing the electronics 
and high voltage transformer, a bucky 
assembly, a four-way floating radio- 
graphic table top and an integrally 
mounted tubestand. 


™ TecRad is a trademark of Bay Shore Medical Equipment Corporation. 





235 South Fehr Way, Bay Shore, New York 11706 e 516/586-1991-Telex Il 510-227-9837 
Telefax 516/242-4421 
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TecRad'" FT 


Radiographic System 


The combined tubestand and bucky 
travel permits a radiographic center to 
center coverage of 65 inches (1651 
mm). This travel permits head to toe 
radiographic coverage on an average 
adult patient without having to move 
the patient. Tubesiand motions permit 
cart radiography behind the table, off 
table stretcher or wheel chair radio- 
graphy, cross table laterals and de- 
cubitus exposures, angled views of the 
skull or trunk of the body, and upright 
studies with wall cassette or erect 
bucky devices. 


In peripheral arteriography/venography: 


Because you cant be sure how 
every patient will react.. 


Improve the safety profile. 







Q Significant improvement in patient comfort. 
Lower incidence of adverse reactions than 
with conventional ionic media.'4 
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$ Excellent vascular tolerance. 
Lower incidence of thrombophlebitis. ? 


ft Excellent cardiovascular profile. 
Reduced effect on blood pressure 
and heart rate.*° 


Pulsation should be present in the 
artery to be injected. 


See next page for important product infor- 


mation concerning contraindications, warn- 
ings, adverse reactions, patient selection, (IOHEXOL) O IP 
and precautionary recommendations THE NEW STANDARD IN 


ENHANCED VASCULAR IMAGING 


OMNIPAQUE’ 


INJECTION (IOHEXOL) 
INTRAVASCULAR 





PLEASE CONSULT FULL PRODUCT INFORMATION BEFORE USING. 

A SUMMARY FOLLOWS: 

DESCRIPTION: OMNIPAQUE is a nonionic, water-soluble radiographic contrast medium 
for intravascular administration and is provided in iodine concentrations of 240, 300, and 
350 mgl/mL. Each milliliter of iohexo! solution contains 1.21 mg tromethamine and 0.1 mg 
edetate calcium disodium with the pH adjusted between 6.8 and 7.7 with hydrochloric acid or 
sodium hydroxide. but it contains no preservatives 

CONTRAINDICATIONS: OMNIPAQUE should not be administered to patients with a known 
hypersensitivity to iohexol. 

WARNINGS: OMNIPAQUE should be used with extreme care in patients with: severely impaired 
renal and/or hepatic function; severe thyrotoxicosis, hyperthyroidism, or an autonomously 
functioning thyroid hodule, diabetes with a serum creatinine level above 3 mg/dL. Not 
recommended for use in patients with anuria. 

Patients with known or suspected pheochromocytoma should receive a minimum of contrast 
medium if benefit of the exam is judged to outweigh risk; blood pressure should be monitored 
ae the procedure, and measures for the treatment of hypertensive crisis should be readily 
available. 

Contrast agents are potentially hazardous in patients with multiple myeloma or other 
paraproteinemia, particularly those with therapeutically resistant anuria. The combination of 
contrast agent and dehydration may precipitate myeloma protein in the renal tubules. No form of 
therapy, including dialysis, has been successful in reversing the effect. Myeloma, which occurs 
most commonly in persons over age 40, should be considered before instituting intravascular 
administration of contrast agents. 

PRECAUTIONS: Diagnostic procedures that involve the use of radiopaque diagnostic agents 
should be carried out under the direction of personnel with the prerequisite training and with a 
thorough knowledge of the particular procedure to be performed. Appropriate facilities should be 
available for coping with any complication of the procedure, as well as for emergency treatment of 
severe reactions to the contrast agent itself. Competent personnel and emergency facilities should 
be available for at least 30 to 60 minutes postprocedure. The possibility of serious, life- 
threatening, fatal, anaphylactoid, or cardiovascular reactions should always be considered (see 
ADVERSE REACTIONS). It is of utmost importance that a course of action be carefully planned in 
advance for immediate treatment of serious reactions. Preparatory dehydration is dangerous and 
may contribute to acute renal failure in patients with advanced vascular disease, diabetic patients, 
and in susceptible nondiabetic patients (often elderly with preexisting renal disease). Patients 
should be well hydrated prior to and following iohexo! administration. Careful consideration to the 
potential risk of acute renal failure should be given before performing excretory urography in 
diabetic patients with diabetic nephropathy and in susceptible nondiabetic patients (often elderly 
with preexisting renal disease). Immediately following surgery, excretory urography should be 
used with caution in renal transplant recipients. The possibility of an idiosyncratic reaction in 
susceptible patients should always be considered (see ADVERSE REACTIONS). The susceptible 
population includes patients with a history of a previous reaction to contrast media, patients with a 
known sensitivity to iodine per se, and patients with a known clinical hypersensitivity: bronchial 
asthma, hay fever, and food allergies. A thorough medical history with emphasis on allergy and 
hypersensitivity, prior to the injection of any contrast media, may be more accurate than pretesting 
in predicting potential adverse reactions. 

A positive history of allergies or hypersensitivity does not arbitrarily contraindicate the use of a 
contrast agent where a diagnostic procedure is thought essential, but caution should be exercised 
(see ADVERSE REACTIONS). Premedication with antihistamines or corticosteroids to avoid or 
minimize possible allergic reactions in such patients should be considered. Recent reports 
indicate that such pretreatment does not prevent serious, life-threatening reactions but may reduce 
both their incidence and severity. 

Even though the osmolality of OMNIPAQUE is low compared to diatrizoate- or iothalamate- 
based ionic agents of comparable iodine concentration, the potential transitory increase in 
circulatory osmotic load in patients with congestive heart failure requires caution during injection. 
These patients should be observed for several hours following the procedure to detect delayed 
hemodynamic disturbances. 

Angiography should be avoided whenever possible in patients with homocystinuria, because of 
the risk of inducing thrombosis and embolism. 

In angiographic procedures, the possibility of dislodging plaques or damaging or perforating 
the vessel wall should be borne in mind during the catheter manipulations and contrast medium 
injection. Test injections to ensure proper catheter placement are recommended. 

Selective coronary arteriography should be performed only in those patients in whom the 
expected benefits outweigh the potential risk. The inherent risks of angiocardiography in patients 
with i pulmonary emphysema must be weighed against the necessity for performing this 
procedure. 

When OMNIPAQUE is to be injected using plastic disposable syringes, the contrast medium 
should be drawn into the syringe and used immediately. 

The inhibitory effects of nonionic contrast media on mechanisms of hemostasis have been 
shown, in vitro, to be less than those of ionic contrast media at comparable concentrations. For 
this reason, standard angiographic procedures should always be followed: angiographic catheters 
should be flushed frequently, and prolonged contact of blood with contrast media in syringes and 
catheters should be avoided. 

If nondisposable equipment is used, scrupulous care should be taken to prevent residual 
contamination with traces of cleansing agents. 

Drug/Laboratory Test Interaction: If iodine-containing isotopes are to be administered for the 
diagnosis of thyroid disease, the iodine-binding capacity of thyroid tissue may be reduced for up 
to 2 weeks after contrast medium administration. Thyroid function tests which do not depend on 
iodine estimation, eg, T, resin uptake or direct thyroxine assays, are not affected 


OMNIPAQUE® injection (iohexol) 


Carcinogenesis, Mutagenesis, Impairment of Fertility: No long-term animal studies have 
been performed to evaluate carcinogenic potential, mutagenesis, or whether OMNIPAQUE can 
affect fertility in men or women. 

Pregnancy Category B: Reproduction studies have been performed in rats and rabbits with up 
to 100 times the recommended human dose. No evidence of impaired fertility or harm to the fetus 
has been demonstrated due to OMNIPAQUE. There are, however, no studies in pregnant women 
Because animal reproduction studies are not always predictive of human response, this drug 
should be used during pregnancy only if clearly needed. 

Nursing Mothers: It is not known to what extent iohexol is excreted in human milk. However, 
many injectable contrast agents are excreted unchanged in human milk. Although it has not been 
established that serious adverse reactions occur in nursing infants, caution should be exercised 
when intravascular contrast media are administered to nursing women. Bottle feedings may be 
substituted for breast feedings for 24 hours following administration of OMNIPAQUE. 

Pediatric Use: Safety and effectiveness in children have not been established. 

ADVERSE REACTIONS: Usually mild to moderate in severity. However, serious, life-threatening, 
and fatal reactions, mostly of cardiovascular origin, have been associated with the administration 
of iodine-containing contrast media including OMNIPAQUE. The injection of contrast media is 
frequently associated with the sensation of warmth and pain, especially in peripheral angiography; 
pain and warmth are less frequent and less severe with OMNIPAQUE than with many contrast 
media. 

Cardiovascular System: Arrhythmias including PVCs and PACs (3%), angina/chest pain (2%), 
and hypotension (1%). Others including cardiac failure, asystole, bradycardia, tachycardia, and 
vasovagal reaction were reported with an individual incidence of less than 0.8%. In controlled 
clinical trials involving 900 patients, one fatality occurred. A cause-and-effect relationship between 
this death and iohexo! has not been established. 

Nervous System: Pain (6%), photomas (3%), headache (2%), and metallic taste (0.8%). Others 
including anxiety, blurred vision, dizziness, fever, motor and speech dysfunction, convulsion, 
lightheadedness, paresthesia, somnolence, vertigo, stiff neck, hemiparesis, and nystagmus were 
reported, with an individual incidence of less than 0.3%. 

Respiratory System: Dyspnea and laryngitis, with an individual incidence of 0.1%. 
Gastrointestinal System: Nausea (2%) and vomiting (0.5%). Others including diarrhea, 
dyspepsia, and dry mouth were reported, with an individual incidence of 0.1% 

Skin and Appendages: Urticaria (0.3%) and purpura (0.1%). 

General Adverse Reactions to Contrast Media: The following reactions have been reported 
after administration of other intravascular iodinated contrast media. Reactions due to technique: 
hematomas and ecchymoses. Hemodynamic reactions: vein cramp and thrombophlebitis 
following intravenous injection. Cardiovascular reactions: rare cases of cardiac arrhythmias, retlex 
tachycardia, chest pain, cyanosis, hypertension, hypotension, peripheral vasodilatation, shock, 
and cardiac arrest. Rena/ reactions: occasionally, transient proteinuria; rarely, oliguria or anuria 
Allergic reactions: asthmatic attacks, nasal and conjunctival symptoms, dermal reactions such as 
urticaria with or without pruritus, as well as pleomorphic rashes, sneezing, and lacrimation:; rarely, 
anaphylactic reactions. Rare fatalities have occurred due to these or unknown causes, Signs and 
symptoms related to the respiratory system: pulmonary or laryngeal edema, bronchospasm, 
dyspnea; or to the nervous system: restlessness, tremors, convulsions. Other reactions: flushing, 
pain, warmth, metallic taste, nausea, vomiting, anxiety, headache, confusion, pallor, weakness, 
sweating, localized areas of edema (especially facial cramps), neutropenia, and dizziness. Rarely, 
immediate or delayed rigors can occur, sometimes accompanied by hyperpyrexia. Infrequently, 
“iodism” (salivary gland swelling) from organic iodinated compounds appears 2 days after 
exposure and subsides by the sixth day. 

In general, the reactions that are known to occur upon parenteral administration of iodinated 
contrast agents are possible with any nonionic agent. Approximately 95% of adverse reactions 
accompanying the use of water-soluble intravascularly administered contrast agents are mild to 
moderate in degree. However, severe, life-threatening anaphylactoid reactions, mostly of 
cardiovascular origin, have occurred. 

Reported incidences of death range from 6.6 per 1 million (0.00066%) to 1 in 10,000 (0.01%). 
Most deaths occur during injection or 5 to 10 minutes later, the main feature being cardiac arrest, 
with cardiovascular disease as the main aggravating factor. Isolated reports of hypotensive 
collapse and shock are found in the literature. The incidence of shock is estimated to be 1 out of 
10,000 (0.005%) patients. 

Adverse reactions to injectable contrast media fall into two categories: chemotoxic reactions 
and idiosyncratic reactions 

Chemotoxic reactions result from the physicochemical properties of the contrast media, the 
amount of dose injected, and the speed of injection. All hemodynamic disturbances and injuries to 
organs or vessels perfused by the contrast medium are included in this category 

Idiosyncratic reactions include all other reactions. They occur more frequently in patients 20 to 
40 years old. Idiosyncratic reactions may or may not be dependent on the amount of dose injected, 
the speed of injection and the radiographic procedure. Idiosyncratic reactions are subdivided into 
minor, intermediate, and severe. The minor reactions are self-limited and of short duration; the 
severe reactions are life-threatening and treatment is urgent and mandatory 

The reported incidence of adverse reactions to contrast media in patients with a history of 
allergy is twice that in the general population. Patients with a history of previous reactions to a 
contrast medium are three times more susceptible than other patients. However, sensitivity to 
contrast media does not appear to increase with repeated examinations. 

Most adverse reactions to injectable contrast media appear within 1 to 3 minutes after the start 
of injection, but delayed reactions may occur. 

Regardless of the contrast agent employed, the overall estimated incidence of serious adverse 
reactions is higher with angiocardiography than with other procedures. Cardiac decompensation, 
serious arrhythmias, angina pectoris, or myocardial ischemia or infarction may occur during 
angiocardiography and left ventriculography. Electrocardiographic and hemodynamic abnor- 
malities occur less frequently with OMNIPAQUE than with diatrizoate meglumine and diatrizoate 
sodium injection. 


References: 1. Gordon |J, Skoblar RS, Chicatelli PD, et al: A comparison of iohexo! and 
Conray-60 in peripheral arteriography. AJR 1984; 142:563-565. 2. Enge |: Phiebography: 

Survey and present state. Acta Radiol 1983; supp! 366, pp 50-53. 3. Wolf GL: Adult peripheral 
angiography: Results from four North American randomized clinical trials of ionic media versus 
iohexol. Acta Radiol 1983; supp! 366, pp 166-170. 4. Egsgaard H, Hørup A, Praestholm J: lohexo! 
and diatrizoate in aortofemoral angiography: a controlled clinical trial. Acta Radio/ 1983; supp! 366, 
p 173. 5. Higgins CB, Mancini GBJ, Bloomquist JN, et al: Cardioangiography in man using 
iohexol and meglumine-Na diatrizoate: A comparison of hemodynamic and electrocardiographic 


effects. Acta Radiol 1983; suppl 366, pp 111-114 
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1 NEW 
ADDITION 
O THE 
3EST- 
SELLING 
AMILY OF 
NU 
RODUCTS 


E-Z-EM introduces a new product to the E-Z-Paque® 
line of barium suspensions—Liquid E-Z-Paque® in unit 
dose bottles. This new packaging combines the ready- 
to-use convenience and consistency of a prepared 
suspension with the time-saving advantages of 
disposable, single-use bottles. 


Improved Liquid E-Z-Paque in unit dose bottles is a 
multi-purpose, 60% w/v barium sulfate suspension 
which provides excellent results when used in small 
bowel and filled stomach studies. And, of course, it 
has a pleasant fruit flavor that gives excellent patient 
acceptance. 


Ask your E-Z-EM dealer for a free sample, or call us 
at 1-800-645-3052. In New York, call 516-333-8230. 


Cat. No. L196 — : oe 
24 bottles per case | | FATE SUSPEN SION 


E-Z-EM, Inc. 
7 Portland Ave. 
Westbury, NY 11590 
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Toshibas TCT-900S... 





Ce TOSHIBA 





CT beyond the 
fourth generation. 


Toshibas TCT-900S scanner is 
indisputably unique to the CT 
imaging industry. In fact, Toshibas 
leading edge technology actually 
takes CT beyond the fourth gener- 
ation into another dimension with 
these technological features found 
in no other comparable system: 

i. Consistently superior image 
quality: just what you expect 
from Toshiba. 

2. Nutate/Rotate geometry with 
continuous scan: thirty scans 
in thirty seconds. 

3. True dynamic scan: no inter- 
scan delay. 

4. Sub-second scanning: quality 
images in 0.6 seconds. 

Let the competition tell you that 

CT technology can go no further. 

But you Owe it to yourself to see 

just how far Toshiba can really go... 


Call or write: Toshiba Medical Systems, 
2441 Michelle Drive, Tustin, CA 92680. 

In California, call (714) 730-5000. Outside 
California, call toll-free (800) 421-1968. 
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In Touch with Tomorrow 





GLOBAL IMAGING SPECIALISTS 





When it comes to 


Medical Imaging... 
We work harder 








People Serving People. 
Part of an International 
Fortune 500 Company with 
over $1 billion in sales, Konica 
has an important resource no 
other company can claim. Our 
people! Konica people! And 


serving you is what we do best. 


Because having the best 
value in medical imaging 
products alone isn’t enough. 
You also need the best value 
in service and support. Konica 
people. We work harder 

for you. 


Nationwide Service 
And Support By 
Dedicated Professionals 


Our imaging specialists and 
technical representatives are 
dedicated professionals. They 


stand behind every box of film. 


Through Radiology Support 
programs and National 
Accounts Programs for Mate- 
rials Management, they give 
you the right support for your 
specific medical imaging 
needs. Helping you get the 
most out of your radiology 
departments is what we’re all 
about. We're Konica. And we 
work harder for you. 


Technology & Products For 
State-Of-The-Art Imaging. 


Konica continues creating 

and exploring today’s technol- 
ogies to meet your future 
medical needs. And we're 
meeting your present needs 
with sophisticated technologies 
in electronic imaging, auto- 
matic film processing, digital 
radiography systems and the 
latest breakthrough in imaging 
film, new High Ortho Mono- 
Dispersed Grain Technology. 
At Konica, we never stop work- 
ing on new ideas for better 
imaging products. And we 
never will. We're Konica. We 
work harder for you. 


Konica... The Image Of Perfection, Since 1873. 


Konica Medical Corporation, 411 Newark Pompton Turnpike, Wayne, New Jersey 07470 (201) 633-1500 
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There are reasons 


S°S. XRAY ACCESSORIES 


are preferred... 
we oS 
UNEQUALLED in design, construction and—quality 
REPUTATION recimi 


è Motorized Viewers 

è |iluminators 

e Transfer Cabinets 
File Cabinets 

è Protective Panels 

e Protective Aprons 

e Wall Cassette Holders 

e Dryers 

e Safelights 

e Dark Room Cabinets 

e Storage Chests 

è Loading Bins 

è X-Ray Accessories 


ae For more than 30 years, S. & S. has been meeting 
coh! Radiologists needs with a complete line of 

: SS me illuminators and accessories. 

———~—F rrr g Contact S. & S. or your local x-ray dealer for 
"a an additional information. 
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MANUFACTURED BY 
S. & S. X-RAY PRODUCTS INC. 


The Complete Line of 
X-Ray Accessories 
(800)221-6634 


Telephone: (212) 852-6900 
87-93 JAY STREET, BROOKLYN, N.Y. 11201 












FREE! Call today for 
NEW 92-page X-RAY Equipment 
& Accessories Catalog. 






The intelligent 
network from GE. 
A Local Area Network 
to integrate 
your nuclear 
imaging department. 


B» nuclear medicine depart- 
ments need quick access to 


images and information, often in 
several places at once. Starlink—a 
sophisticated local area network 
from GE—delivers speed, power 
and economy. 

With Starlink, for example, a 
physician can access an image 
stored in a Starcam integrated sys- 
tem, send it to a Star II computer 
for processing, and retrieve it for 
viewing on a Starview viewing 
station. The whole process takes 
only a few seconds, and won't 
disrupt activities at the access 
point. And because data is available 


Ethernet is a trademark of Xerox Corp. 


INTRODUCING 


in electronic form, you eliminate 
the expense of redundant hardware 
such as array processors and hard 
copy formatters. 


Invisible access 


Starlink gives you access to all 
the systems in your network— 
invisibly—without interrupting work 
on those systems. Images stored in 
archives, computers or digital 
camera systems can be accessed 
without so much as a flicker. Oper- 
ators won't even know you have 


made contact—their efficiency is 
maintained, yours is enhanced. 


Processing power allows rapid 
transmission of medical images. 
Starlink was created to efficiently 
handle the large amounts of 
information contained in images, 
unlike many network systems 
designed for simple data transfer. 

This quiet activity is possible 
because of Starlink’s “intelligence.” 
The system hardware doesn't need 
to lend its processing “brains” to 











access information—powertul 
Starlink hardware and software do 
all the work. 


Your link to the future 


Starlink’s Ethernet™ bus topol- 
ogy allows multiple systems to be 
connected on a single coaxial cable. 
This permits fast, simultaneous 
image transfer, high reliability and 
easy expansion. Starlink—the right 
choice for today and tomorrow. 


Inside intelligence 


Find out how Starlink can help 
increase efficiency in your nuclear 
medicine department. Call your GE 
Representative today, toll free: 


1-800-624-5692. 
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MASTAND STIR. 
WHY SETTLE FOR LESS? 


Best Image Quality. 
Accurate diagnoses depend on it. 
Referring physicians demand it. 
Your MR service must provide it. 
And now you don't have to settle for less. 


Motion Artifact Suppression Technique (MAST). 
Only VISTA” offers enhanced spatial resolution with motion artifact 
suppression so effective that it eliminates artifacts caused by 
complex motions such as velocity, acceleration and pulsatility. Now 
with MAST you don't have to settle for anything less than the best 
image quality. 


Short Tau Inversion Recovery (STIR). 
VISTA is the only system to offer Short Tau Inversion Recovery 
(STIR), which features the best contrast resolution on multi-slice 
studies of soft tissue. STIR suppresses the signal from fat tissue for a 
clear delineation between fat and nearby soft tissue. Now, with the 
high contrast provided with STIR, you don't have to settle for any- 
thing less than the best image quality. 


Increased Referrals. 
The success of your MR Service depends on its ability to compete. 
On its ability to build a strong referral base. MAST and STIR are two 
unique VISTA capabilities which provide uncompromised image 
quality, a necessity for referral building. But VISTA offers more. 
512 x 512 acquisition and display for the highest resolution images 
available. Three-angle oblique imaging for superior heart and spine 
studies. Specialized research programs for cardiac, neuro and ortho- 
pedic specialties. Reference Pilot Scan for immediate localization of 
slice position. And much more. 


VISTA” . . Why Settle for Less? 


Some features of Pickers VISTA MR systems are classified as investigational devices and limited by federal law to investigational use. As such, thev cannot be made available until necessary government approvals have been granted 
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Anatomy of VISTA 
MR Image Quality 


Substantia Nigra Head of Caudate Nucleus 
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VISTA Reterral 
Building Image Quality 


[his demyelinating plaque study uses 


an gl nila ge STIR for exquisite delineation of orbital 
it contents. STIR enables fat suppression 
1 2AUGES to ag = and highlights structures not easily 

te re we visualized with other MR protocols, as 


-65mm & 


shown by visualization of the lacrimal 
artery and nerve. 
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This unique sequence combination of 
agreeing Decent... Short Tau Inversion Recovery (STIR) 
and Motion Artifact Suppression 
eee. lechnique (MAST) results in excellent 
fat suppression in vertebral bodies of 
the normal spine. With MAST, nerve 

| roots are sharply contrasted against 

i the bright signal imparted on the 
basivertebral drainage system. 


oe 


< 
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In excretory urography: 


Because you cant be sure how 
every patient will react... 


Improve the safety profile... 






ft In a 50,642-patient clinical study, 
97.9% had no reported adverse reactions. 


Severity of Reactions in Excretory Urography 





Percent of Patients 





No reaction 














transient sensation of warmth or heat, which was 


experienced by 330 patients, or 0.65% of total [| Total (n = 50,642) 


$ Of 26,650 patients considered high risk, 
97.3% had no reported adverse effects.’ 


D Of 7,629 patients hypersensitive to 
iodinated contrast media, 95.9% had no 
reported adverse effects.! 


ft Excellent patient comfort.? 


ft Excellent diagnostic quality.” $ 


Physicians should consider the potential 


benefit-to-risk ratio prior to radiographic 
procedures. 


See next page for important product 


information concerning contraindications, 
warnnas aere cacion patenis — (OHE XOL ) THE NEW STANDARD IN 
EXCRETORY UROGRAPHY. 


OMNIPAQUE’ 


INJECTION (IOHEXOL) 
INTRAVASCULAR 





PLEASE CONSULT FULL PRODUCT INFORMATION BEFORE USING. 

A SUMMARY FOLLOWS: 

DESCRIPTION: OMNIPAQUE is a nonionic, water-soluble radiographic contrast medium 
for intravascular administration and is provided in iodine concentrations of 240, 300, and 
350 mgl/mL. Each milliliter of iohexol solution contains 1.21 mg tromethamine and 0.1 mg 
edetate calcium disodium with the pH adjusted between 6.8 and 7.7 with hydrochloric acid or 
sodium hydroxide, but it contains no preservatives 

CONTRAINDICATIONS: OMNIPAQUE should not be administered to patients with a known 
hypersensitivity to iohexol 

WARNINGS: OMNIPAQUE should be used with extreme care in patients with: severely impaired 
renal and/or hepatic function: severe thyrotoxicosis, hyperthyroidism, or an autonomously 
functioning thyroid nodule; diabetes with a serum creatinine level above 3 mg/dL. Not 
recommended for use in patients with anuria. 

Patients with known or suspected pheochromocytoma should receive a minimum of contrast 
medium if benefit of the exam is judged to outweigh risk; blood pressure should be monitored 
throughout the procedure, and measures for the treatment of hypertensive crisis should be readily 
available. 

Contrast agents are potentially hazardous in patients with multiple myeloma or other 
paraproteinemia, particularly those with therapeutically resistant anuria. The combination of 
contrast agent and dehydration may precipitate myeloma protein in the renal tubules. No form of 
therapy, including dialysis, has been successful in reversing the effect. Myeloma, which occurs 
most commonly in persons over age 40, should be considered before instituting intravascular 
administration of contrast agents 
PRECAUTIONS: Diagnostic procedures that involve the use of radiopaque diagnostic agents 
should be carried out under the direction of personnel with the prerequisite training and with a 
thorough knowledge of the particular procedure to be performed. Appropriate facilities should be 
available for coping with any complication of the procedure, as well as for emergency treatment of 
severe reactions to the contrast agent itself. Competent personnel and emergency facilities should 
be available for at least 30 to 60 minutes postprocedure. The possibility of serious, life- 
threatening, fatal, anaphylactoid, or cardiovascular reactions should always be considered (see 
ADVERSE REACTIONS). It is of utmost importance that a course of action be carefully planned in 
advance for immediate treatment of serious reactions. Preparatory dehydration is dangerous and 
may contribute to acute renal failure in patients with advanced vascular disease, diabetic patients, 
and in susceptible nondiabetic patients (often elderly with preexisting renal disease). Patients 
should be well hydrated prior to and following iohexo! administration. Careful consideration to the 
potential risk of acute renal failure should be given before performing excretory urography in 
diabetic patients with diabetic nephropathy and in susceptible nondiabetic patients (often elderly 
with preexisting renal disease). Immediately following surgery, excretory urography should be 
used with caution in renal transplant recipients. The possibility of an idiosyncratic reaction in 
susceptible patients should always be considered (see ADVERSE REACTIONS). The susceptible 
population includes patients with a history of a previous reaction to contrast media, patients with a 
known sensitivity to iodine per se, and patients with a known clinical hypersensitivity: bronchial 
asthma, hay fever, and food allergies. A thorough medical history with emphasis on allergy and 
hypersensitivity, prior to the injection of any contrast media, may be more accurate than pretesting 
in predicting potential adverse reactions. 

A positive history of allergies or hypersensitivity does not arbitrarily contraindicate the use of a 
contrast agent where a diagnostic procedure is thought essential, but caution should be exercised 
(see ADVERSE REACTIONS). Premedication with antihistamines or corticosteroids to avoid or 
minimize possible allergic reactions in such patients should be considered. Recent reports 
indicate that such pretreatment does not prevent serious, life-threatening reactions but may reduce 
both their incidence and severity. 

Even though the osmolality of OMNIPAQUE is low compared to diatrizoate- or iothalamate- 
based ionic agents of comparable iodine concentration, the potential transitory increase in 
circulatory osmotic load in patients with congestive heart failure requires caution during injection 
These patients should be observed for several hours following the procedure to detect delayed 
hemodynamic disturbances 

Angiography should be avoided whenever possible in patients with homocystinuria, because of 
the risk of inducing thrombosis and embolism. 

In angiographic procedures, the possibility of dislodging plaques or damaging or perforating 
the vessel wall should be borne in mind during the catheter manipulations and contrast medium 
injection. Test injections to ensure proper catheter placement are recommended 

Selective coronary arteriography should be performed only in those patients in whom the 
expected benefits outweigh the potential risk. The inherent risks of angiocardiography in patients 
with chronic pulmonary emphysema must be weighed against the necessity for performing this 
procedure. 

When OMNIPAQUE is to be injected using plastic disposable syringes, the contrast medium 
should be drawn into the syringe and used immediately. 

The inhibitory effects of nonionic contrast media on mechanisms of hemostasis have been 
shown, in vitro, to be less than those of ionic contrast media at comparable concentrations. For 
this reason, standard angiographic procedures should always be followed: angiographic catheters 
should be flushed frequently, and prolonged contact of blood with contrast media in syringes and 
catheters should be avoided. 

lf nondisposable equipment is used, scrupulous care should be taken to prevent residual 
contamination with traces of cleansing agents. 

Drug/Laboratory Test Interaction: lf jodine-containing isotopes are to be administered for the 
diagnosis of thyroid disease, the iodine-binding capacity of thyroid tissue may be reduced for up 
to 2 weeks after contrast medium administration. Thyroid function tests which do not depend on 
iodine estimation, eg, T, resin uptake or direct thyroxine assays, are not affected. 


OMNIPAQUE® injection (iohexol) 


Carcinogenesis, Mutagenesis, Impairment of Fertility: No long-term animal studies have 
been performed to evaluate carcinogenic potential, mutagenesis, or whether OMNIPAQUE can 
affect fertility in men or women. 

Pregnancy Category B: Reproduction studies have been performed in rats and rabbits with up 
to 100 times the recommended human dose. No evidence of impaired fertility or harm to the fetus 
has been demonstrated due to OMNIPAQUE. There are, however, no studies in pregnant women 
Because animal reproduction studies are not always predictive of human response, this drug 
should be used during pregnancy only if clearly needed. 

Nursing Mothers: It is not known to what extent iohexol is excreted in human milk. However, 
many injectable contrast agents are excreted unchanged in human milk. Although it has not been 
established that serious adverse reactions occur in nursing infants, caution should be exercised 
when intravascular contrast media are administered to nursing women. Bottle feedings may be 
substituted for breast feedings for 24 hours following administration of OMNIPAQUE. 

Pediatric Use: Safety and effectiveness in children have not been established. 

ADVERSE REACTIONS: Usually mild to moderate in severity. However, serious, life-threatening, 
and fatal reactions, mostly of cardiovascular origin, have been associated with the administration 
of iodine-containing contrast media including OMNIPAQUE. The injection of contrast media is 
frequently associated with the sensation of warmth and pain, especially in peripheral angiography; 
pa and warmth are less frequent and less severe with OMNIPAQUE than with many contrast 
media. 

Cardiovascular System: Arrhythmias including PVCs and PACs (3%), angina/chest pain (2%), 
and hypotension (1%). Others including cardiac failure, asystole, bradycardia, tachycardia, and 
vasovagal reaction were reported with an individual incidence of less than 0.8%. In controlled 
clinical trials involving 900 patients, one fatality occurred. A cause-and-effect relationship between 
this death and iohexol has not been established 

Nervous System: Pain (6%), photomas (3%), headache (2%), and metallic taste (0.8%). Others 
including anxiety, blurred vision, dizziness, fever, motor and speech dysfunction, convulsion, 
lightheadedness, paresthesia, somnolence, vertigo, stiff neck, hemiparesis, and nystagmus were 
reported, with an individual incidence of less than 0.3%. 

Respiratory System: Dyspnea and laryngitis, with an individual incidence of 0.1%. 
Gastrointestinal System: Nausea (2%) and vomiting (0.5%). Others including diarrhea, 
dyspepsia, and dry mouth were reported, with an individual incidence of 0.1%. 

Skin and Appendages: Urticaria (0.3%) and purpura (0.1%). 

General Adverse Reactions to Contrast Media: The following reactions have been reported 
after administration of other intravascular iodinated contrast media. Reactions due to technique: 
hematomas and ecchymoses. Hemodynamic reactions: vein cramp and thrombophlebitis 
following intravenous injection. Cardiovascular reactions: rare cases of cardiac arrhythmias, reflex 
tachycardia, chest pain, cyanosis, hypertension, hypotension, peripheral vasodilatation, shock, 
and cardiac arrest. Rena/ reactions: occasionally, transient proteinuria; rarely, oliguria or anuria 
Allergic reactions: asthmatic attacks, nasal and conjunctival symptoms, dermal reactions such as 
urticaria with or without pruritus, as well as pleomorphic rashes, sneezing, and lacrimation; rarely, 
anaphylactic reactions. Rare fatalities have occurred due to these or unknown causes. Signs and 
symptoms related to the respiratory system: pulmonary or laryngeal edema, bronchospasm, 
dyspnea; or to the nervous system: restlessness, tremors, convulsions. Other reactions: flushing, 
pain, warmth, metallic taste, nausea, vomiting, anxiety, headache, confusion, pallor, weakness, 
sweating, localized areas of edema (especially facial cramps), neutropenia, and dizziness. Rarely, 
immediate or delayed rigors can occur, sometimes accompanied by hyperpyrexia. Infrequently, 
“iodism” (salivary gland swelling) from organic iodinated compounds appears 2 days after 
exposure and subsides by the sixth day. 

In general, the reactions that are known to occur upon parenteral administration of iodinated 
contrast agents are possible with any nonionic agent. Approximately 95% of adverse reactions 
accompanying the use of water-soluble intravascularly administered contrast agents are mild to 
moderate in degree. However, severe, life-threatening anaphylactoid reactions, mostly of 
cardiovascular origin, have occurred. 

Reported incidences of death range from 6.6 per 1 million (0.00066%) to 1 in 10,000 (0.01%). 
Most deaths occur during injection or 5 to 10 minutes later, the main feature being cardiac arrest, 
with cardiovascular disease as the main aggravating factor. Isolated reports of hypotensive 
collapse and shock are found in the literature. The incidence of shock is estimated to be 1 out of 
10,000 (0.005%) patients 

Adverse reactions to injectable contrast media fall into two categories: chemotoxic reactions 
and idiosyncratic reactions. 

Chemotoxic reactions result from the physicochemical properties of the contrast media, the 
amount of dose injected, and the speed of injection. All hemodynamic disturbances and injuries to 
organs or vessels perfused by the contrast medium are included in this category 

Idiosyncratic reactions include all other reactions. They occur more frequently in patients 20 to 
40 years old. Idiosyncratic reactions may or may not be dependent on the amount of dose injected, 
the speed of injection and the radiographic procedure. Idiosyncratic reactions are subdivided into 
minor, intermediate, and severe. The minor reactions are self-limited and of short duration; the 
severe reactions are life-threatening and treatment is urgent and mandatory. 

The reported incidence of adverse reactions to contrast media in patients with a history of 
allergy is twice that in the general population. Patients with a history of previous reactions to a 
contrast medium are three times more susceptible than other patients. However, sensitivity to 
contrast media does not appear to increase with repeated examinations. 

Most adverse reactions to injectable contrast media appear within 1 to 3 minutes after the start 
of injection, but delayed reactions may occur. 

Regardless of the contrast agent employed, the overall estimated incidence of serious adverse 
reactions is higher with angiocardiography than with other procedures. Cardiac decompensation, 
serious arrhythmias, angina pectoris, or myocardial ischemia or infarction may occur during 
angiocardiography and left ventriculography. Electrocardiographic and hemodynamic abnor- 
malities occur less frequently with OMNIPAQUE than with diatrizoate meglumine and diatrizoate 
sodium injection. 


References: 1. Schrott KM, Behrends B, Clauss W et al: lohexol in excretory urography: 
Results of a drug monitoring study. Fortschr Med 1986; 7:153-156. 2. Data on file, Winthrop 
Pharmaceuticals. 
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The NEW 
Ackrad H/S Catheter Set for 
Hysterosalpingography 


Now: Easier on the Patient... 
Better for the Physician 


The unique small sizes (5 and 7F) of the flexible balloon- 
bearing catheter provide previously unavailable free- 
dom from trauma for the patient. A placement sheath 
and inflation syringe are included in the set for a rapid 


and efficient procedure. id = i t 
Sample furnished on request. D U S O 


E ACKRAD LABORATORIES, Inc. 
70 Jackson Drive, P.O. Box 1085, Cranford, NJ 07046 


eon serve you 
petter..... 





If your mailing label does 
not contain your zip code, 
note it on the label and re- 
turn it to us for correction. 





Remember, your Zip Code 
provides faster, more direct 


CHAIRMAN, delivery of | 
DEPARTMENT OF RADIOLOGY y of your journals. Use 


COLLEGE OF MEDICINE 
THE MILTON S. HERSHEY 
MEDICAL CENTER 
OF 
THE PENNSYLVANIA STATE UNIVERSITY 


The Search Committee requests nominations or 

applications for the position of Chairman for the 

Department of Radiology. The College of Medicine 

and University Hospital educate 360 medical stu- 

dents, 120 graduate students and 220 postgrad- 

uate physicians. The 350-bed teaching hospital, 

soon to be expanded to 500 beds, provides all 4 (o) 
levels of care. The Department of Radiology per- 
forms 95,000 annual imaging procedures and pro- \ f 
vides both diagnostic and therapeutic activities. 

Candidates qualifying for Professorial rank with — 

administrative talents to supervise the expansion 

of the department and the design of new space are 

invited to apply. As an equal opportunity/affirm- 

ative action employer, The Pennsylvania State 

University particularly encourages applications 

from women and minorities. The deadline for 

applications is July 31, 1987. Applications or re- 

quests for additional information should be direct- 

ed to: 


John W. Burnside, M.D. 

Professor of Medicine 

Chair, Search Committee 

The Milton S. Hershey Medical Center 
The Pennsylvania State University 
P.O. Box 850-B 

Hershey, Pennsylvania 17033 











it on all correspondence, too. 





7 De 


In the beginning... 
The original MAMEX DC 


MAMMOGRAPHIC 
SYSTEM 








The Mamex DC is a complete mammographic 
system, consisting of a modern, efficient DC 

generator which virtually eliminates “ripple” and 
gives a higher resolution image with consistently 
higher subject contrast; a molybdenum anode 
x-ray tube; and a motorized compression system 
with floor remote control. 





Standard features: 

* Compact DC generator with automatic 
exposure control. 
Exposures can be made once every 30 seconds. 

* Stand designed for x-ray examination of the 
breast. 

* Hardened glass screen protects technician 
during exposure. 

* Floor remote compression control. 

* Phototiming detector position selector. 

* Field light. 

* Breast compression plate: 

Biopsy compression plate: 

Spot cone compression plate. 

18x24cm Kodak Min-R cassette with screen. 

Film identification markers. 

Automatic line voltage compensation. 

.6x.6 stationary anode molybdenum x-ray tube 

with beryllium window. 





+ + + 


Options: 

* 200L 3.5:1 grid. 

* Carbon fiber cassette tunnel with grid pocket. 
* In-hospital wheel assembly (shown). 

* Van wheel assembly. 





Mamex DC... 


* Five-year proven track record of performance 
and reliability; 

* Hundreds of satisfied physicians, clinics, and 
hospitals throughout the United States and 
internationally; 

* Full 12-month non-prorated warranty on the 
= x-ray tube: 

* Average midbreast dosages, on a 2-film exam of 
a 6cm compressed breast, of .07R or less (as 
documented by the University of Michigan 
Breast Cancer Detection Center - Ingvar 
Andersson, M.D.) 


PRS .. . Offers your facility the very best in diagnostic 
Original MAMEX DC equipment available in today’s marketplace. 
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Outstanding clinical papers on every aspect of CNS 
imaging, including spinal diagnosis...informed coverage 
of head and neck radiology...clear, readable CTs, angio- 
graphs, MR imaging and ultrasound studies. These are the 
features you demand of a quality professional journal. 
You'll find them in every issue of AJNR: American 
Journal of Neuroradiology. 


As you are called upon to perform and interpret more 
and more sophisticated diagnostic tests — from myelog- 
raphy to CT to newborn ultrasound studies — you need a 
comprehensive, reliable journal that can keep you abreast 
of all the latest developments. Each bimonthly issue of 
AJNR brings you timely, clinically pertinent information, 
as well as important clinical research presented with an 
eye toward immediate practical application. 


Here are just a few of the many excellent articles from 
the November/December 1986 issue: 


The MR Appearance of Syringomyelia: New Observations. 
Sherman, et al. 


Cranial MR in Spinal Cord MS: Diagnosing Patients with 
Isolated Spinal Cord Symptoms. Edwards, et al. 
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Time-Dependent Changes in Image Contrast in Brain 
Tumors After Gadolinium-DTPA. Schörner, et al. 
Physiology of the CSF Flow-Void Sign: Modification by 
Cardiac Gating. Citrin, et al. 
Percutaneous Laser Catheter Recanalization of Carotid 
Arteries in Seven Cadavers and One Patient. Choy, et al. 
Focal Necrosis of the White Matter (Periventricular Leuko- 
malacia): Sonographic, Pathologic, and Electroencephalo- 
graphic Features. Bejar, et al. 
If you can benefit from articles like these, then you 
should be a regular reader of AJNR. Use the attached 
coupon to subscribe today. 
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Personal $100/yr Institutions $120/yr 
In-training $65/yr (add $20.00 outside the US) 
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O VISA O MasterCard O American Express 


card # exp. 
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Residents, Fellows, Interns, and Students: when applying for the in-training rate, 
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valid through October 31, 1987. 
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screens and a CLEAR-Pb Long- 
Leg filter. Note the even film 
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Radiography Takes a Giant Step Forward with 
CLEAR-Pb® TRANSPARENT X-RAY COMPENSATION FILTERS 


Improve image quality by providing 
a more uniform film density. 

Reduce patient exposure by 
selectively attenuating the 

x-ray beam. 


Reduce the need for multiple 
exposures. 


Transparent lead-plastic filters never 
block the collimator light field. 


Easy to use; mount to any collimator. 





Magnetic mounting system For details on our full line of 


allows instant adjustment Image Compensators, 
of lightweight filter. request Bulletin 361-C. 
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Finally, there’s an easy way to solve your imaging 
problems. With a CLEAR-Pb Filter you are assured 
of top-quality images the first time...every time 
Over and under-penetration of the patient are 
eliminated, and important details are improved 
dramatically. 

Try a CLEAR-Pb Filter. You will find one available fo! 
most routine exams. There's no easier or better way 
to obtain superb images... GUARANTEED!” 


*100% SATISFACTION GUARANTEED! Buy a 
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THE BREAKTHROUGH IN IMAGE COMPENSATORS 


Compare the two images below. Both the nipple to the chest wall on one image. 
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Cine CT in Obstructive Sleep 
Apnea 





The upper airway was evaluated in eight patients with obstructive sleep apnea by 
using a rapid sequential CT scanner (Imatron C-100). Four patients also had simulta- 
neous polysomnograms to determine the onset of sleep and apnea. The upper airway 
was scanned while the patient was awake (eight patients), asleep (four patients), and 
asleep and apneic (eight patients). Measurements of the cross-sectional area of the 
upper airway were correlated with the findings on sleep studies in four patients. During 
the awake state the airway was narrowed and showed increased collapsibility in all 
eight patients. Five of the eight patients had cross-sectional areas of <4 mm? at one or 
more sites at some time during the respiratory cycle while awake. During apnea all 
patients had obstruction at the uvula and oropharynx, but the length of the obstruction 
varied from one patient to another. In three of the eight patients the obstruction extended 
inferiorly to the hypopharynx. 

Cine CT can be used to objectively evaluate patients with sleep apnea and may 
demonstrate the need to modify surgical treatment. 


Obstructive sleep apnea (OSA) is defined as recurrent cessation of breathing 
with upper airway obstruction occurring during sleep. The obstruction is usually in 
the oropharynx at the uvula. The cause of this obstruction is uncertain but may be 
due to loss of muscle tone in the pharyngeal abductor muscles [1, 2]. By convention 
the patient must experience more than 30 episodes (lasting more than 10 sec 
each) of apnea or hypopnea per night [1, 2]. OSA is diagnosed from the patient’s 
history and confirmed by polysomnography (sleep studies). Polysomnography must 
show both apnea and obstructed attempts at respiration. The obstruction in OSA 
occurs at the level of the soft palate but may extend to the base of the tongue or 
below [3-5]. 

The radiographic methods that have been used in the assessment of sleep 
apnea are (1) cephalometrics [6, 7], (2) fluoroscopy, and (3) conventional CT [2, 
3]. Except for fluoroscopy, these studies are performed with the patient awake. 

Cephalometrics uses a lateral view of the neck and skull base with the patient 
erect [6, 7]. Multiple measurements estimate the size of the posterior pharyngeal 
air space, the position of the mandible, and the degree of prognathism or retrog- 
nathism [6]. Conventional CT can show upper airway narrowing, but CT has only 
been used in OSA patients who are awake [2, 3]. Also, CT cannot dynamically 
assess rapid changes in airway caliber. Cine CT (Imatron C-100, San Francisco, 
CA) has a short scan time and can be rapidly repeated, and multiple levels can be 
scanned almost simultaneously without moving the patient. Cine CT has previously 
been used to show narrowed upper airways in awake patients with OSA [8]. In the 
same study normal awake subjects showed no significant change in airway surface 
area during respiration. 

Upper airway closure in OSA has been shown to occur only while the patient is 
asleep. We therefore scanned eight patients when they were awake, when they 
were asleep and breathing, and during episodes of sleep apnea to determine the 
level, extent, and dynamics of upper airway obstruction during OSA. 
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Subjects and Methods 


Eight patients with documented sleep apnea on standard polysom- 
nograms form the study group. There were six men and two women 
ranging in age from 20 to 52 years (mean, 42 years). Although actual 
weights were not available for all patients, six of the eight patients 
were obese. Four of the eight patients were scanned during modified 
polysomnograms, used to determine the depth of sleep and the onset 
and length of apnea. The first three studies were performed specifi- 
Cally on patients who were sleep-deprived; however, we discontinued 
this since most patients with OSA are chronically sleep deprived and 
fall asleep without difficulty on the CT table during the study. 

In the studies with polysomnographic monitoring, we used a Grass 
model 6, eight-channel recorder to monitor (1) EEG (to measure 
presence and depth of sleep); (2) eye movement (two channels 
recorded rapid eye movement sleep); (3) chest and abdominal strain 
gauges (dual pneumatic respiratory transducers showed paradoxical 
respiratory motion that occurs during obstruction); (4) thermistor (a 
nasal thermistor measured airflow); and (5) cine CT (signal from the 
scanner indicated the precise time of each scan on the output tracing) 
(Fig. 1). By observing the tracings during the study we could decide 
on the appropriate time to begin scanning, that is, when the patient 
was awake, asleep, or apneic. 

Each patient being monitored with polysomnograms was scanned 
while breathing normally, both awake and asleep, and after at least 
10 sec of apnea. The apneic scans were obtained during both 
obstructive episodes and central apneic episodes, if the patients had 
both types of apnea. Since all four patients had both types of apneic 
episode, each had at least two series of scans while apneic. 

The four patients who did not have concomitant polysomnography 
were observed while asleep on the CT table for the onset of apnea 
and paradoxical respiratory movements. In these patients scanning 


Fig. 1.—Polysomnographic 
tracing in a patient with obstruc- 
tive sleep apnea obtained during 
cine-CT scanning. Tracing is 
monitored continuously and is 
used to decide when to scan, that 
is, to determine if patient is 
awake, asleep, or apneic (with or 
without paradoxical respiratory 
movements). Each group of four 
spikes of the CT signal is a series 
of eight scans over 8 cm of the 
airway. Each series is repeated 
seven times. EEG channel shows 
patient’s level of sleep. Next 
traces show eye movement for 
rapid eye movement (REM) sleep; 

E oo a oe or in this case, there is conjugate 
R.OMG warren Mine eye movement representing 

Ped or bo Poy | nonREM sleep. R. OMG = right 
eye oculomyogram; L. OMG = left 
eye oculomyogram. Jaw muscle 
tone is displayed and in this pa- 
tient shows little activity; spikes 
(arrowheads) are due to cardiac 
activity. Jaw tone is important 
since it indicates muscle tone and 
onset of rapid eye movement 
a ak a thst sleep. Respiratory movement has 
i ig } i | two channels, one for chest and 
f j; Ai 7 J \ one for abdomen; the next chan- 
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nel records airflow via a nasal 
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ae oe oe with apnea, chest and abdominal 
Flow — -i iA ning £ movement (arrows) are evident 

E O -A without airflow until the seventh 
scan when airflow resumes (open 
arrow). 
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was only performed while they were awake and while apneic, since 
we could not differentiate sleep from drowsiness. All patients were 
scanned only during observed obstructive sleep apnea episodes as 
defined by lack of air movement and observed respiratory muscle 
contraction. 


Cine CT 


The Imatron C-100 rapid-sequence scanner has been described 
elsewhere [8, 9]. Briefly, it has an electron beam that is moved 
electronically over fixed, curved targets placed in a semicircle. Fixed 
detectors are arranged in a semicircle opposite the targets and the 
patient is placed between these in the gantry. There are four target 
and detector rings. Two contiguous 8-mm-thick slices are obtained 
from each target, and between each pair of scans there is a 4-mm 
gap. A length of 8 cm may be scanned without moving the patient. 
The scan time for each pair of scans is 50 msec and the interval 
between each level is 8 msec for multilevel scanning. Thus, the eight 
scans are obtained in about 240 msec (Fig. 2). Each series of 
multilevel scans may be repeated at 0.7-sec intervals. In this study, 
a series of seven scans at 8 levels were obtained during 3.5 sec 
(Figs. 3-5), resulting in 56 scans for each observation period. In the 
awake, resting patient, 3.5 sec approximated one and a half respi- 
ratory cycles, allowing for scans during inspiration and expiration 
(Fig. 4). The same imaging sequences were used during apnea. 
Because most patients awoke during the scan (from the beep of the 
machine during each scan), we were usually able to obtain scans 
both during apnea and as the patient started breathing, and both 
could be obtained on the same sequence. 

The levels scanned were from the nasopharynx to the glottis. If 
this distance was greater than 8 cm, the CT table was moved and 
the patient was rescanned so that the entire airway was imaged in 
the awake, asleep, and apneic states. 


Analysis 


The EEG sleep tracings were analyzed for wakefulness, sleep, or 
apnea (with or without respiratory motion). The exact onset of breath- 
ing or awakening was correlated with the CT image by using the CT 
signal on the tracing (Fig. 1). The phase of the respiratory cycle was 
correlated with airway dynamics during each scan sequence. 

The cross-sectional area of the airway was measured with an 
automatic tracing device available on the Imatron C-100 [8] that joins 
adjacent pixels of equal densities and computes surface area from 
the image. We used a level of -404 H for airway cross-sectional area 
measurements, which is midway between air and soft-tissue density 
and gives the most accurate measurements of airway diameter [10]. 

The airway was divided into 10 anatomic levels (A through J) from 
the high nasopharynx to the glottis (Fig. 2). The landmarks used were 
the hard palate, maxillary teeth, mandibular teeth, hyoid, valleculae, 
and glottis (Fig. 2). In most patients approximately 10 scan levels 
covered the area of interest. When this was not the case, the 
individual scans were correlated with the appropriate anatomic level 
(Fig. 2). 

The initial awake Sequences obtained before the patient went to 
sleep were always used for measurement of the awake state. During 
apnea, scan sequences from the obstructive apneic episodes were 
selected. Obstructive apnea occurred with paradoxical respiratory 
movements whereas central apnea occurred without respiratory 
movements. Cross-sectional areas of the airway were measured 
during sleep without apnea only in the four patients who had poly- 
somnographic monitoring. 
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Fig. 2.—A, CT images from nasopharynx to valleculae obtained in 240 msec during time 1 on Fig. 1. Each slice is 8 mm thick, and 4 mm separate each 
pair of scans. Scans are labeled B through |, corresponding to the levels in Fig. 2B. Airway is closed at levels C and D (arrows), but is open inferiorly. Air 
anteriorly on scan at level D is in the mouth. 

B, Lateral schematic of neck shows levels A through J (Table 1) for correlation of anatomic studies. 


Results 


Several CT findings were obtained during the awake state. 
First, the airway showed maximum narrowing at the level of 
the soft palate, uvula, and oropharynx (levels D and E in Fig. 
2B) (Table 1). However, the maximum cross-sectional area 
varied widely among patients. For instance, at the level of the 
soft palate and uvula, it ranged from 147 to 2 mm’. The 
2-mm* area was seen in a patient whose airway occluded 
during part of the respiratory cycle even when the patient 
was awake. In each patient, the cross-sectional area of the 
airway decreased, usually during inspiration (Table 1) (Fig. 4). 
Five of eight patients had a minimum airway surface area of 
4 mm* or less, and in one patient the airway was completely 
occluded at the level of the soft palate during at least a portion 
of the respiratory cycle. 

In all four patients who were scanned while asleep and 
breathing, the cross-sectional area of the airway was smaller 
than it was in the awake state. In fact, it was reduced to less 
than 4 mm? at one or more anatomic levels in all four. In two 
of the four patients airway occlusion was evident at some 
time during the respiratory cycle, without evidence of sleep 
apnea. 

During apnea, all eight patients had airway obstruction at 
one or more anatomic levels. All patients had occlusion at the 
oropharynx and five of eight at the level of the uvula and soft 
palate (Table 2) (Figs. 3 and 5). Three of eight patients had 
occlusion during apnea over more than 4 cm of the airway, 
and the sites of occlusion extended inferiorly to within 2 cm 


of the glottis. In four patients, the obstruction changed its 
anatomic level at different times during the same apnea 
episode. In all of these occurrences the obstruction was 
initially high and then extended inferiorly, generally because 
of attempts at respiratory movements (Fig. 3). In three of 
these four, as the obstruction moved down the pharynx the 
higher anatomic levels, which had initially been closed, be- 
came open (a seesaw type of closure) (Fig. 5). 

In all the studies, when scans included the patient awak- 
ening and resuming breathing, the airway opened to a larger 
area than on the awake scans in the same patient. We did 
not quantify this interesting response to the resumption of 
breathing. 


Discussion 


Sleep apnea is a syndrome characterized by episodic ces- 
sation of breathing during sleep. When unassociated with 
airway obstruction it is considered central apnea. When as- 
sociated with upper airway obstruction and attempted respi- 
ratory movements it is called OSA. The cause of OSA is not 
certain, but the pharyngeal airway in the awake patient with 
this syndrome is narrower than normal [1-3, 8]. Also the 
cross-sectional area of the pharyngeal airway in patients with 
obstructive sleep apnea narrows significantly during awake 
respiration (usually during inspiration), which does not occur 
in normal individuals [8, 11]. Supporting evidence for a func- 
tional abnormality of the pharynx is that pulmonary function 
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Fig. 3.—Scans at 0.7-sec intervals (times 1 through 7) at selected levels during obstructive sleep apnea (tracing Fig. 1). 

A, At level of hard palate (level C), uvula and soft palate almost totally obstruct airway (open arrows) on first three scans. 

B, At high oropharynx (level E), airway is closed on first six scans. Airway opens on scan 7 (arrow) as breathing resumes (see Fig. 1). 

C and D, At low oropharynx (level G) (C) and valleculae (level |) (D), airway varies in cross-sectional area corresponding to respiratory and abdominal 
muscle movement. 
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tests show increased upper airway compliance in patients 
with obstructive sleep apnea [12]. The main difference be- 
tween our study and previous work [8] is that our patients 
were scanned while asleep and apneic, which shows the 
obstruction in the physiologic and anatomic state. In our 
Study, the cross-sectional area of the airway changed mark- 
edly during awake respiration, and invariably was smallest 
during inspiration. In four of our patients, the airway almost 
became occluded at some time during the respiratory cycle 
while they were awake; this does not occur in normal individ- 
uals and has only been described in one patient with OSA. 
The maximum cross-sectional area measurements in the 
midoropharynx of our awake patients with OSA were smaller 
than those previously reported for normal subjects: mean, 88 





Fig. 4.—Scans at 0.7-sec intervals (times 1 through 7) at level of high 
oropharynx (level E) in same patient as the one shown in Figs. 1-3, studied 
while awake and breathing quietly. Oropharyngeal airway is markedly 
narrowed and changes with respiration. Soft tissues and muscles around 
airway are increased without fatty replacement. 
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mm? (range, 29-236) compared with 187 mm? (range, 92- 
152) [8]. However, in the low hypopharynx just above the 
valleculae (level |), the areas were similar: OSA mean, 254 
mm? (range, 54-329) compared with 288 mm? (range, 223- 
401) for normal subjects [8]. 

Airway obstruction in OSA is known to occur predominantly 
at the uvula and soft palate, but the full extent and dynamics 
of this type of obstruction have not been described. In our 
study, whereas all patients had obstruction at the level of the 
uvula, four patients also had occlusion over more than 4 cm 
of the airway, and three patients occluded to within 2 cm of 
the glottis. At these anatomic sites, the obstruction is no 
longer due to the uvula, but must also involve the base of the 
tongue and probably the inward collapse of the hypopharyn- 
geal walls. Although the present group is small, we may be 
observing two subgroups of patients with obstructive sleep 
apnea—one group obstructing only at the uvula and soft 
palate and the second also obstructing at the base of the 
tongue and hypopharynx. This has been suggested by other 
investigators, but has not been shown anatomically [7]. The 
Clinical significance of these observations should be empha- 
sized, because the reconstructive surgery most commonly 
performed on patients with OSA is a uvulopalatopharyngo- 
plasty (UPPP). The uvula is removed and the submucosa at 
the level of the oropharynx is resected, while the lateral 
oropharyngeal walls are tethered, opening the oropharyngeal 
airway [7]. This surgery tends to open the airway at the level 


TABLE 2: Number of Patients with Occlusion at Each Level 
During Apnea 





No. of Patients 


Level (n = 8) 


Anatomic Equivalent 





High nasopharynx 
Low nasopharynx 
Hard palate 

Soft palate 

High oropharynx 
Midoropharynx 
Low oropharynx 
High hypopharynx 
Hyoid 

Valleculae 
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TABLE 1: Cross-Sectional Area in Eight Awake Patients with Obstructive Sleep Apnea 


Cross-Sectional Area (mm?) 





i Mean 
Level Sae Maximum Minimum Percent 

Mean (Range) Mean (Range) Pecans 
A High nasopharynx No data No data No data 
B Low nasopharynx 297 (200-546) 259 (135-514) 18 
C Hard palate 272 (100-317) 198 (22-447) 29 
D Soft palate 96 (2-147) 47 (0-137) 58 
E High oropharynx 62 (21-158) 12 (2-43) 41 
z Midoropharynx 88 (29-236) 12 (2-31) 81 
G Low oropharynx 176 (51-461) 85 (20-232) 50 
H High hypopharynx 225 (76-448) 140 (50-248) 36 
| Hyoid 254 (54-329) 156 (30-304) 35 
J Valleculae 197 (41-491) 127 (18-319) 36 
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Fig. 5.—Scan sequences at 0.7-sec intervals (times 1 through 7) during obstructive apnea episode through high (level D) (A) and low (level G) (B) 
oropharynx. On scan times 1, 2, and 3, airway is closed at higher level (D) (arrows), but is open at lower level (G). On scan times 4, 5, and 6, site of 
obstruction reverses (arrowheads). This see-saw obstruction has not been previously shown. 


of the uvula and oropharynx, but does not open the airway 
behind or below the base of the tongue. The lower obstruction 
shown in half of our patients may explain the high failure rate 
for UPPP (approximately 50%) in some series [7]. 

Another type of surgery for obstructive sleep apnea in- 
volves a UPPP together with anterior and superior elevation 
of the hyoid bone [7], which could dilatate the hypopharyngeal 
airway and may explain the better success reported with this 
type of surgery. We are currently evaluating patients before 
and after UPPP to determine whether those with a short 
obstruction respond better to the procedure than those who 
have obstruction over a greater length of the airway. 

Cine CT is useful in patients with obstructive sleep apnea. 
The new information about increased airway collapsibility and 
reduced airway size in OSA patients who are awake is 
important. The length of the obstruction and the dynamic 
change in its location and extent may have therapeutic impli- 
cations. Cine CT is a relatively simple, noninvasive method of 
evaluating patients with obstructive sleep apnea. It may pro- 
vide a baseline for therapy and in the future may modify the 
type of surgery performed on these patients. It may also be 
useful in the postoperative evaluation of patients with obstruc- 
tive sleep apnea. 


REFERENCES 


1. Guilleminault C, Tilkian A, Dement WC. The sleep apnea syndromes. Ann 
Rev Med 1976;27:465-484 


Tis 


12. 


. Haponik EF, Smith PL, Bohiman ME, Allen RP, Goldman SM, Bleeker ER. 


Computerized tomography in obstructive sleep apnea—correlation of air- 
way size during sleep and wakefulness. Am Rev Respir Dis 1983;127: 
221-226 


. Suratt PM, Dee P, Atkinson RL, Armstrong P, Wilhol SC. Fluoroscopic and 


computed tomographic features of the pharyngeal airway in obstructive 
sleep apnea. Am Rev Respir Dis 1983;127:487-492 


. Guilleminault C, Hill MW, Simmons FB, Dement WC. Obstructive sleep 


apnea: electromyographic and fiber optic studies. Exp Neurol 1978;62: 
48-67 


. Borowiecki B, Pollak CP, Weitzman E, Rakoff S, Imperato J. Fiberoptic 


study of pharyngeal airways during sleep in patients with hypersomnia 
obstructive sleep apnea syndrome. Laryngoscope 1978;88:1310-1313 


. Guilleminault C, Riley R, Powel N. Obstructive sleep apnea and abnormal 


cephalometric measurements. Chest 1984;86:793-794 


. Riley R, Guilleminault C, Powell N, Simmons FB. Palatopharyngoplasty 


failure, cephalometric roentgenograms and obstructive sleep apnea. Oto- 
laryngol Head Neck Surg 1985;93: 240-249 


. Ell SR, Jolles N, Galvin JR. Cine-CT demonstration of non-fixed upper 


airway obstruction. AJR 1986;146:669-677 


. Boyd DP. Computerized transmission tomography of the heart using 


scanning electron beams. In: Higgins CB, ed. CT of the heart and great 
vessels: experimental evaluation and clinical application. Mount Kisco, NY: 
Futura, 1983:45-68 


. Webb WR, Gamsu G, Wall SD, Cann C, Proctor E. CT of a bronchial 


phantom— factors affecting appearance and size measurement. Invest 
Radiol 1984;19:394-398 

Saunders SH, Moore SE. Inspiratory and expiratory partitioning of airway 
resistance during sleep in patients with sleep apnea. Am Rev Respir Dis 
1983;127 :554-558 

Suratt PM, McTier RF, Wilhoit SC. Collapsibility of the nasopharyngeal 
airway in obstructive sleep apnea. Am Rev Respir Dis 1985;132:967-971 


Allan M. Haggar' 

Jay L. Pearlberg' 

Jerry W. Froelich’ 
David O. Hearshen' 
Gordon H. Beute! 
Joseph W. Lewis, Jr.? 
George W. Schkudor":° 
Connie Wood! 

Paul Gniewek' 


Received November 12, 1986; accepted after 
revision January 27, 1987. 


' Department of Diagnostic Radiology and Med- 
ical Imaging, Division of Magnetic Resonance Im- 
aging, Henry Ford Hospital, 2799 W. Grand Blvd., 
Detroit, MI 48202. Address reprint requests to A. 
M. Haggar. 


? Department of Surgery, Division of Thoracic 
Surgery, Henry Ford Hospital, Detroit, MI 48202. 


? Present address: Department of Radiology, 
McKay Dee Hospital, Ogden, UT 84403. 


AJR 148:1075-1078, June 1987 
0361-803X/87/1486-1075 
© American Roentgen Ray Society 


1075 


Chest-Wall Invasion by 
Carcinoma of the Lung: 
Detection by MR Imaging 





Nineteen patients with bronchogenic carcinoma were studied by MR imaging to 
determine the presence of chest-wall invasion. All studies were carried out at 1.5 T, and 
the results were correlated with chest radiographs or CT scans. All MR studies were 
interpreted before surgery (13 cases) and without knowledge of the results of other 
radiologic studies. MR findings indicative of chest-wall invasion included a high-signal 
focus within the chest wall and/or chest-wall thickening with increased signal on spin- 
echo (SE) images having a repetition time of 2500 msec and an echo time of 50-100 
msec (SE 2500/50-100). In one case, noncontour-deforming high-signal intensity within 
chest-wall musculature (but no other abnormality) was demonstrated on SE 2500/50- 
100 images. Coronal or sagittal imaging facilitated identification of tumor contiguity with 
extrathoracic structures in apical lesions. Contrast differences between normal and 
invaded chest wall on T2-weighted images were the most helpful in assessing chest- 
wall involvement. 

These preliminary observations indicate that MR imaging is useful in the evaluation 
of chest-wall invasion by carcinoma of the lung. 


Preoperative assessment of chest-wall abnormalities is important in staging and 
planning therapy in patients with carcinoma of the lung when the lesion is in a 
peripheral location. Unsuspected discovery of chest-wall invasion during surgery 
can prolong the operation if local resection is undertaken of the chest wall. Such 
resection may be associated with an operative mortality and a postoperative 
morbidity approaching 12-15% [1, 2]. Conventional radiographic examinations and 
CT can help detect chest-wall invasion when rib destruction is shown. Recent 
reports have shown CT to be less than adequate in its ability to predict chest-wall 
invasion in the absence of frank rib destruction because of the low specificity of 
such signs as the angle formed between the tumor and pleura, contact with an 
adjacent pleural surface, the presence of pleural thickening, or the integrity of 
extrapleural fat [3, 4]. We assessed the value of MR imaging in detecting chest- 
wall invasion resulting from lung carcinoma. 


Subjects and Methods 


Nineteen consecutive patients with peripheral intrathoracic tumors were studied prospec- 
tively (average age, 58 years). Eighteen patients had cytologic proof of bronchogenic 
carcinoma after bronchoscopy; one underwent transthoracic needle biopsy. Ten patients had 
squamous cell carcinoma, eight had adenocarcinoma, and one had oat cell carcinoma. 
Suspicion of chest-wall involvement was based on CT scans or conventional radiographs. 
The results of these studies were not known to the interpreter of the MR examination, and 
the MR was always interpreted before surgery. MR findings were correlated with intraoper- 
ative findings in the 13 patients who underwent surgery. All patients had unilateral disease, 
thus allowing the unaffected side of the thorax to act as a control. 

CT was performed with either the GE 9800 or the Picker 1200 SX scanner. Contiguous 
10-mm sections were obtained after a 100- to 150-ml IV bolus of contrast medium by using 
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rapid or incremental dynamic scanning modes. Both soft-tissue and 
bone settings were reviewed. All CT studies were performed before 
MR imaging. CT was considered equivocal in the presence of a 
peripheral mass abutting the chest wall without obvious chest wall 
invasion, and in the absence of frank rib destruction detected with 
bone-window settings [5]. Conventional radiographic or CT evidence 
of rib destruction was considered proof of chest-wall invasion in 
patients without surgical confirmation. 

MR was performed with a superconducting magnet operating at 
1.5 T (63.8 MHz) (GE Medical Systems). Spin-echo (SE) sequences 
were obtained with varying T1- and T2-weighting by using a repetition 
time (TR) of 600-800 msec and echo time (TE) of 25 msec (SE 600- 
800/25) with four signal averages or by using SE 2500/25, 50, 75, 
100 with two signal averages. Axial 10-mm sections every 5 mm 
were obtained in all patients by using an image matrix of 128 x 256 
pixels and a two-dimensional Fourier transform reconstruction algo- 
rithm. Additional coronal and/or sagittal images were obtained as 
needed. To limit respiratory-induced phase-encoding errors, a soft- 
ware package (EXORCIST, GE Medical Systems) with a reordered 
phase-encoding method was applied in all cases. 

All findings were based on visual assessment of the images, and 
no attempt was made to calculate T1 or T2 relaxation data. The 
scans were studied to determine whether detection of signal differ- 
ences was possible between normal and invaded chest wall. 


Results 


Of the 19 patients studied, 13 underwent surgery. Because 
chest-wall invasion was a relative contraindication to imme- 
diate thoracotomy, and because of compelling MR findings, 
some patients did not undergo thoracotomy in favor of pre- 
operative radiotherapy. 


CT Correlation 


Eighteen of 19 patients had CT correlation. Nine had CT 
findings considered equivocal for chest-wall invasion. Studies 
in five patients demonstrated evidence of rib destruction (one 
having only a conventional radiograph), and five studies 
showed no chest-wall invasion. 


MR Findings 


In no cases did MR imaging fail to diagnose chest-wall 
invasion when it was evident on CT. All nine cases considered 
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equivocal by CT were resolved by MR and confirmed at 
surgery. MR findings were positive in one case in which CT 
findings were considered negative. 

Chest-wall abnormalities were best shown with long-TR/ 
TE pulse sequences (SE 2500/50-100). The findings were 
best shown in the axial projection when a laterally positioned 
lesion was present. Coronal imaging facilitated display of 
apical lesions caused by partial-volume effects encountered 
at the most cephalad portion of the thorax in the axial projec- 
tion (Figs. 1 and 2). Coronal or sagittal imaging of apical 
lesions was superior to axial-plane imaging in showing extra- 
pleural fat and adjacent musculoskeletal anatomy. 

MR patterns indicative of chest-wall invasion were grouped 
into three categories: (1) focal high-signal abnormality extend- 
ing into the chest wall from the adjacent lung tumor (six 
patients) (Fig. 3), (2) chest-wall thickening with signal intensity 
increased relative to the uninvolved side on SE 2500/50--100 
images (two patients) (Fig. 4), or (3) diffuse increased signal 
within the chest-wall soft tissues with no other chest-wall 
abnormality (two patients) (Fig. 5). There was no evidence of 
focal or diffuse abnormality within the chest wall in nine 
patients. These cases were considered negative for chest- 
wall invasion, and the findings were subsequently confirmed 
at surgery. All cases called negative by MR were confirmed 
by surgery, with the exception of one in which the patient had 
recently completed a course of radiotherapy to the left apex. 

Two patients with apical lesions were studied. In these 
instances, thin-section CT images with coronal reformatting 
of the image was not performed, and the precise cephalad 
extent of the tumor was uncertain. Both patients showed 
extrathoracic extension of tumor across extrapleural fat into 
the root of the neck or adjacent musculoskeletal structures. 
In each instance, compelling clinical symptoms were compat- 
ible with severe brachial plexopathy and ipsilateral shoulder 
pain. Multiplanar images showed such obvious abnormalities 
that surgery was deferred in favor of radiotherapy. For pa- 
tients who, on review, were found to have rib destruction, 
abnormal signal intensity within the chest wall rather than 
discrete MR evidence of rib destruction suggested chest-wall 
invasion. In all cases in which rib destruction was identified 
by other techniques, the extent of chest-wall abnormalities 


Fig. 1.—Mass occupying left upper lobe and 
apex. 

A, Contrast-enhanced CT scan shows tumor 
abutting chest wall. Difficulty in predicting precise 
cephalad extent of disease resulted from partial- 
volume effect. Thin sections with image reformat- 
ting of apex were not obtained. 

B, Sagittal MR image (SE 800/25). Large upper- 
lobe mass occupying entire pulmonary apex is 
differentiated from adjacent chest wall and extra- 
pleural fat (arrows). Intact extrapleural fat sug- 
gested absence of chest-wall invasion. Chest wall 
was free of disease at surgery. 
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was greater on T2-weighted images than was predicted by 
CT or conventional radiography. 


Discussion 


This preliminary study shows that MR imaging can detect 
chest-wall invasion in patients with carcinoma of the lung 
when CT findings are equivocal. While there is controversy 
regarding the necessity of en bloc chest-wall resection if only 
parietal pleura is involved, extensive disease beyond the 
parietal pleura may result in consideration of en bloc chest- 
wall resection if a curative operation is to be performed 
i, 2. 

Rib destruction demonstrated by CT or conventional ra- 
diography is an absolute indicator of chest-wall invasion. The 
efficacy of CT in detecting chest-wall invasion without rib 
destruction has been disappointing [3, 5]. Unless rib destruc- 
tion is evident, reliance on changes in extrapleural fat, angles 
formed by tumor with chest wall, or the presence of chest- 
wall asymmetry (thickening) may be unreliable in predicting 
chest-wall invasion [3-6]. 

Little has been written specifically addressing the value of 
MR in detecting chest-wall invasion. In a prospective study of 
44 patients with bronchogenic carcinoma, Musset et al. [7] 


Fig. 2.—Carcinoma of medial left upper lobe. 
Contiguity with spine and mediastinum does not 
allow exclusion of invasion. 

A, Contrast-enhanced CT scan shows mass in 
left upper lobe. 

B, SE 2500/50 MR image. Direct extension of 
tumor beyond extrapleural fat posteriorly (arrow) 
was confirmed surgically. 


Fig. 3.—Equivocal chest-wall invasion by CT 
confirmed by MR. 

A, CT shows left-upper-lobe mass. Slight loss 
of definition of rib margin resulted from partial- 
volume effect (arrows). Bone windows were nor- 
mal. Chest-wall invasion could not be excluded. 

B, SE 2500/50 MR image. Focus of increased 
signal intensity within soft tissues of chest wall 
(arrow). At surgery wide excision of lesion from 
chest wall was required before left upper lobec- 
tomy. 


MR OF LUNG CARCINOMA INTO CHEST WALL 
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evaluated five patients with chest-wall involvement. Criteria 
suggesting the presence of chest-wall disease were not spec- 
ified. Our study addresses the question of whether the con- 
trast resolution inherent in MR images enables the diagnosis 
of chest-wall invasion in patients with intrathoracic malig- 
nancy. We found abnormal high-signal intensity within soft 
tissues of the chest wall, which were seen as either focal or 
diffuse high-signal abnormalities or as diffuse thickening and 
mass effect within the affected chest wall. These findings 
were always best observed on long-TR/TE sequences com- 
patible with prolongation of T2. In one case (Fig. 4), diffuse 
high signal was evident within the soft-tissue musculature of 
the upper chest wall on SE 2500/50-100 images. At surgery, 
tumor invasion of the parietal pleura was found, but no rib 
destruction was evident. Deep chest-wall biopsies were not 
performed, and thus the contribution by edema, tumor, or 
inflammation to the observed abnormal high signal within soft 
tissues could not be determined. Therefore, it is conceivable 
that some of the observed high-signal abnormalities described 
above may represent secondary manifestations of chest-wall 
invasion useful in suggesting its presence. In a second case, 
while a focus of rib destruction was evident by CT in addition 
to focal chest-wall soft-tissue thickening, MR demonstrated 
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Fig. 4.—Squamous cell carcinoma in elderly man with severe chest-wall pain and plain-film 


evidence of rib destruction. 
A, CT shows soft-tissue mass involving lateral chest wall. 


B, SE 2500/50 MR image shows diffuse high signal with chest-wall thickening on right (arrows). 


chest-wall thickening with high-signal abnormality on the af- 
fected side by using T2-weighted sequences. In patients with 
no evidence of rib involvement and equivocal findings by CT, 
MR is complementary and may add conclusive evidence of 
chest-wall invasion. Two patients in our series had clinical 
symptoms suggesting chest-wall invasion with significant MR 
abnormalities indicative of chest-wall invasion by our criteria. 
Unfortunately, these patients were unresectable for other 
reasons. While clinical symptoms suggesting chest-wall in- 
vasion are less desirable than biopsy proof, previous studies 
have suggested such symptoms are almost as sensitive as 
imaging in predicting chest-wall invasion [3]. In our two cases, 
MR corroborated compelling clinical symptoms. 

One case was problematic in that the coronal view showed 
no evidence of chest-wall or vertebral involvement, while the 
axial projection (SE 2500/50-100) suggested slightly spicu- 
lated margins adjacent to the upper thoracic spine. Pathologic 
examination of the resected specimen showed a subpleural 
mass with fibrotic puckering of the overlying visceral pleura. 
In retrospect, we believe the low-signal intensity of the over- 
lying fibrotic lung and pleura adjacent to cortical bone of the 
thoracic spine resulted in our inability to completely exclude 
extrapulmonary extension. 

Figure 3 is an example of focal chest-wall invasion in which 
CT was equivocal because there was no rib destruction or 
clinical evidence of chest-wall involvement. At surgery exci- 
sion of the tumor from the chest wall was required before a 
left upper lobectomy could be performed. 

Visualization of extrapleural fat and its use in predicting 
extrapleural invasion has been mentioned by others [3-5]. In 
our series, axial projections resulted in variable appearances 
of extrapleural fat, but in all instances, high-signal abnormali- 
ties were present on SE 2500/50-100 images, making the 
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Fig. 5.—Squamous cell carcinoma. CT (not 
shown) showed left-upper-lobe tumor abutting 
posterior chest wall. SE 2500/50 MR axial image 
shows diffuse high-signal intensity of chest wall 
proper (arrows) with significant chest-wall con- 
trast differences from left (involved) to right (un- 
involved), but no evidence of contour-deforming 
disease. At surgery, invasion of parietal pleura 
was found, requiring extrapleural dissection to 
free tumor from chest wall. 


diagnosis less dependent on visualization of extrapleural fat. 
Extrapleural fat was seen more easily in the apical region 
when coronal or sagittal images were obtained. 

Our preliminary experience indicates that MR is helpful in 
the preoperative assessment of patients with possible chest- 
wall invasion by carcinoma of the lung. When CT or conven- 
tional radiographs show rib destruction, no further studies are 
required to prove chest-wall invasion. In our series, MR 
provided additional information when CT was equivocal. 
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Case Report 





Unilateral Pulmonary Edema Due to Postlobectomy 
Pulmonary Vein Thrombosis 


Katherine M. Gyves-Ray,' David L. Spizarny, and Barry H. Gross 


Unilateral pulmonary edema is an uncommon cause of 
diffuse air-space disease. Previous reviews of this subject 
have discussed the differential diagnosis, which includes rapid 
reexpansion of collapsed lung, gravitational edema (down 
lung syndrome), unilateral venoocclusive disease, systemic- 
to-pulmonary arterial shunts, pulmonary embolism, Swyer- 
James syndrome, and absence or hypoplasia of a pulmonary 
artery [1-4]. These reports fail, however, to include throm- 
bosis of the pulmonary veins in postlobectomy patients, a 
Cause we encountered in two postoperative patients. If this 
complication is suspected promptly and confirmed angio- 
graphically, pneumonectomy to prevent pulmonary gangrene 
can be lifesaving. 


Case Reports 
Case 1 


A 71-year-old woman underwent resection of the right middle and 
lower lobes for treatment of squamous cell carcinoma of the bronchus 
intermedius. The immediate postoperative period was uneventful, 
and the initial postoperative chest radiograph showed a well-aerated 
right upper lobe with shift of the mediastinum to the right and elevation 
of the right hemidiaphragm. On the fifth postoperative day, the patient 
developed a fever. A chest radiograph showed interstitial and air- 
space disease in the remaining right lung, presumed to represent 
pneumonia. The patient failed to improve, despite 10 days of antibiotic 
therapy. A chest radiograph showed progressive right-sided air-space 
disease (Fig. 1A). Because of the radiographic findings and the clinical 
course, thrombosis of the pulmonary veins was suspected. A selec- 
tive right pulmonary arteriogram showed thrombosis of the pulmonary 
veins (Fig. 1B). At surgery, the pulmonary veins were thrombosed 
and the right upper lobe was gangrenous. The lobe was resected, 
and the patient recovered completely. 
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Case 2 


A 64-year-old woman underwent pulmonary resection of the left 
upper lobe for adenocarcinoma of the lung. The postoperative course 
was complicated by progressive shortness of breath without fever. 
The chest radiograph showed left-sided air-space disease (Fig. 2A). 
Because the air-space disease progressed while the patient remained 
afebrile, pulmonary angiography was performed to exclude throm- 
bosis of the pulmonary veins. The angiogram showed thrombosed 
pulmonary veins (Fig. 2B). At surgery, thrombosis of veins in the left 
lower lobe was confirmed, and the left lower lobe was resected. The 
patient recovered completely. 


Discussion 


Obstruction of the pulmonary veins is a known cause of 
pulmonary venous hypertension and pulmonary edema. 
Causes include congenital stenosis of the pulmonary veins, 
anomalous pulmonary venous return, cor triatriatum, pulmo- 
nary venoocclusive disease, and mediastinal fibrosis [5]. Ob- 
struction of the pulmonary veins after lobectomy has been 
described [6, 7]. Kirsh et al. [6] cited operative injury of the 
pulmonary veins as a cause of pulmonary gangrene. Cham- 
bers and Sweeney [7] reported a patient with lobar gangrene 
thought to be secondary to major venous obstruction result- 
ing from postoperative vascular torsion. Unilateral pulmonary 
edema was present on the postoperative chest radiographs, 
but vascular compromise was not suspected until pulmonary 
gangrene had ensued [7]. In the patients described here, 
progressive unilateral air-space disease developed, despite 
antibiotic therapy in one and in the absence of fever in the 
other, raising the suspicion of thrombosis of the pulmonary 
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veins. Pulmonary angiography permitted accurate diagnosis 
of venous thrombosis, which was confirmed at surgery. 

The cause of pulmonary venous thrombosis after lobec- 
tomy is uncertain, but may be related to manipulation and 
mobilization of the vessels. Pulmonary edema results when 
elevation of the pulmonary vascular pressure causes transu- 
dation of intravascular fluid into the extravascular space [8]. 

The distinction on chest radiographs between pneumonia 
and pulmonary edema is difficult. Bacterial pneumonia tends 
to conform to segmental and lobar boundaries, whereas 
pulmonary edema is usually more diffuse. Bacterial pneu- 
monia tends to have an air-space pattern early, whereas 
edema usually begins with an interstitial pattern, gradually 
progressing to air-space disease. The angiographic appear- 
ance of pneumonia and pulmonary edema is similar. The 
status of the pulmonary vasculature is the key feature in 
edema due to thrombosis of the pulmonary veins. Slow blood 
flow and nonopacification of the pulmonary veins, even on 
delayed films, should suggest thrombosis of the pulmonary 
veins. 

Delay in diagnosis of pulmonary venous obstruction in 
postlobectomy patients can lead to pulmonary gangrene, a 
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Fig. 1.—Case 1. 

A, Chest radiograph 15 days after 
resection of right middie and lower 
lobes shows diffuse parenchymal dis- 
ease in remaining right lung. Less ex- 
tensive findings were present 5 days 
after surgery. 

B, Delayed image from a selective 
right pulmonary arteriogram shows 
nonopacification of pulmonary veins, 
parenchymal staining, and contrast 
pooling in right pulmonary artery (ar- 
rows). Pulmonary venous thrombosis 
was confirmed at surgery. 


Fig. 2.—Case 2. 

A, Chest radiograph shows diffuse 
air-space disease in remaining left 
lung. 

B, Venous phase of pulmonary an- 
giogram shows slow flow on left and 
stagnation of contrast material in pul- 
monary artery of left lower lobe (arrow). 
Pulmonary veins are nonopacified on 
left side and normal on right side. Left 
pulmonary venous thrombosis was 
confirmed at surgery. 


life-threatening condition. The diagnosis of thrombosed pul- 
monary veins should be suspected whenever progressive 
unilateral lung disease develops in a postlobectomy patient, 
despite appropriate treatment for pneumonia or atelectasis. 
Lobectomy after angiographic confirmation can be lifesaving. 
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Perspective 





The Current State of Residency and Fellowship Training 
Programs in Pulmonary and Cardiac Radiology 


Robert M. Steiner,’ S. David Rockoff,* Frederick P. Stitik,? Lawrence R. Goodman,‘ Irwin M. Freundlich,® 
Kent Ellis, Melvin P. Judkins,’ Jerome F. Wiot,® B. Leonard Holman,’ and Claudia Henschke"® 


With the goal of improving training programs for residents 
and fellows in cardiac and pulmonary radiology, a committee 
of the Society of Thoracic Radiology undertook this survey of 
radiology departments with residency programs to evaluate 
the current nature and content of cardiac and pulmonary 
radiology training. The responses to a comprehensive ques- 
tionnaire were analyzed and used to form the basis for this 
report. 


Methods 


The survey consisted of 34 questions divided into three sections. 
The first section requested information from the department chairmen 
concerning department size. They were queried as to the total number 
of procedures performed annually, the number of residents and 
fellows, and the location of the department (in a university hospital, a 
university-affiliated institution, or a nonaffiliated hospital) (Table 1). It 
was determined whether the pulmonary and cardiac sections of the 
departments were separate or combined. 

The second section was to be completed by the pulmonary ra- 
diologist and the third section by the cardiac radiologist. If neither 
was available, the director of diagnostic radiology could answer. 
These sections investigated the subspecialty radiologist’s scope of 
responsibility concerning specific skills and procedures. 

Specific questions about residency training in pulmonary and car- 
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diac radiology were asked. Some examples are: Were regularly 
scheduled pulmonary and cardiac radiology conferences given and 
under whose direction? Was there dedicated time for pulmonary or 
cardiac radiology instruction? How many residents specialized in 
pulmonary or cardiac radiology during the 5 years prior to the study? 
Information about the content and availability of fellowships was 
requested. 

Two hundred thirteen questionnaires were distributed in two mail- 
ings to all chairmen of radiology departments with diagnostic resi- 
dency programs in the United States and Canada. The first mailing 
was sent in the fall of 1983 and an additional mailing was sent in the 
winter of 1984 to those chairmen who did not respond to the first. 
The results were tabulated using the statistical application system 
computer analysis program (SAS Inc., Cary, NC) at the Thomas 
Jefferson University Computer Center. 


Results 


Of the 213 questionnaires mailed, 170 replies were re- 
turned; 162 (76%) replies were complete enough for analysis. 
The completed responses were divided into six groups based 
on affiliation and the size of the department (Table 1). The 
influence of these factors on the content of residency and 
fellowship programs and on the clinical practice of the de- 
partment was evaluated. 
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Pulmonary Radiology 


In addressing the availability of pulmonary radiologists, 58% 
of the sampled departments had “pulmonary” radiologists 
who spent most of their professional time doing chest radiol- 


TABLE 1: Number of Departments with Cardiac and Pulmonary 
Sections by Category 





Departments with 


Departments with Cardiac Pulmonary Radiology 


Radiology Section 


Section 
Number with Number with 
Hospital Number of Cardiac Number of | Pulmonary 


Category? Departments Radiology Departments Radiology 


Sections (%) Sections (%) 


A 63 26 (41) 63 45 (71) 
B 14 4 (29) 18 10 (56) 
C 23 5 (22) 28 11 (39) 
D 26 6 (23) 33 10 (30) 
E 16 0 (0) 16 5 (31) 
F 4 1 (25) 4 0 (0) 





* Hospital categories are defined as: A = University hospitals >100,000 
studies/year; B = University hospitals <100,000 studies/year; C = Affiliated 
hospitals >100,000 studies/year; D = Affiliated hospitals <100,000 studies/ 
year; E = Nonuniversity affiliated >100,000 studies/year; F = Nonuniversity 
affiliated <100,000 studies/year. 


TABLE 2: Number of Departments with Dedicated Pulmonary 
Radiologists 





Number with Dedicated 











Hospital Number of dicat 
Category? Departments dia ai 
A 62 51 (82) 
B 18 10 (56) 
C 28 13 (46) 
D 32 12 (38) 
E 16 7 (44) 
j 4 0 (0) 
Total 160 93 (58) 


AN E A SS ee Se SS Se SS 
a See Table 1 for hospital categories. 
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ogy and had recognized expertise (Table 2). Many of these 
individuals had other responsibilities, such as CT or arteriog- 
raphy, but these duties played a minor role in their profes- 
sional activities. In those departments without dedicated pul- 
monary radiologists, assigned general radiologists were re- 
sponsible for chest radiology in 36 (82%) of 44 institutions. 

The content of pulmonary radiology residency programs, 
including frequency and length of conferences, blocks of time 
devoted to pulmonary radiology, and instructions in specific 
procedures was tabulated (Table 3). 

Instruction in pulmonary disease paralleled the interest of a 
department in pulmonary radiology. When there was a pul- 
monary radiology section, dedicated time for chest disease 
was available to residents in 53 (78%) of 68 institutions. When 
there was no pulmonary radiologist or section, only 12 (18%) 
out of 66 departments had a dedicated block of time for 
pulmonary radiology. 

Table 4 gives the results of the questions concerning the 
residents’ training and the provider of that training in chest- 
oriented procedures, including CT, aspiration biopsies, chest 
fluoroscopy, pulmonary angiography, and pulmonary nuclear 
medicine studies. 


Pulmonary Radiology Fellowships 


Pulmonary radiology fellowships were available in 20 (13%) 
of 155 institutions (Table 5). Seven (35%) of these were filled 
at the completion of this survey. In addition to plain-film 
interpretation, the fellowship had a number of elective blocks 
available. 

In those departments with pulmonary radiology fellowships, 
8 (73%) of 11 reported residents entering a career in pulmo- 
nary radiology. In 143 programs without pulmonary radiology 
fellowships, 28 (20%) reported individuals specializing in chest 
radiology. 


Cardiac Radiology 


Responses concerning cardiac radiology differed markedly 
from pulmonary radiology. Unlike pulmonary radiology, where 
the large university hospitals usually had a dedicated pulmo- 


TABLE 3: Pulmonary Radiology Conferences and Dedicated Time in Pulmonary Radiology for 








Residents 
Number and Frequency of Pulmonary Number of Departments with Dedicated 
Radiology Conferences for Residents Time in Pulmonary Radiology 
Number with 
Hees Pulmonary Frequency of Number with Length of 
ospital Number of Radiol Pulmonary Number of Dedicated Time Block in 
Category* Departments Čana A i Conferences/ Departments in Pulmonary Months 
Residents (%) Month Radiology (%) 
A 62 57 (92) 5.0 60 41 (68) 4.0 
B 18 14 (78) 4.0 18 10 (56) 4.0 
C 28 21 (75) 5.0 28 10 (36) 4.0 
D 32 27 (84) 4.0 32 12 (38) 4.0 
E 15 12 (80) 3.5 16 4 (25) 3.0 
F 4 4 (100) 3.0 4 1 (25) 2.5 





a See Table 1 for hospital categories. 
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TABLE 4: Residency Training in Chest-Oriented Procedures (%) 





Procedures Pulmonary 
Radiologist nngograpner 

Chest CT 20 1 
Percutaneous needle 

biopsies 34 31 
Pulmonary angiogra- 

phy 6 66 
Pulmonary nuclide 

scans 1 1 
Chest fluoroscopy 46 2 
Bronchography 39 13 


Directors 
CT pGeneral Mediene Other 
Radiologist Radiologist Radiologist 

49 23 0 7 
6 24 0 5 
0 16 0 12 
0 12 78 8 
0 44 0 8 
0 37 0 11 





TABLE 5: Availability of Pulmonary Radiology Fellowships 





Number with 
Hospital “Number of Pulmonary 
Category* Departments Fellowships? 
(%) 
A 62 17 (27) 
B 14 0 (0) 
C 28 2 (7) 
D 31 1 (3) 
E 16 0 (0) 
F 4 0 (0) 
Total 155 20 (13) 





* See Table 1 for hospital categories. 

e Content of pulmonary radiology fellowship programs in 17 institutions is 
as follows: chest film training and research time are available in all 17, chest 
CT training in 12, pulmonary diseasse training in 11, arteriography training in 
four, pulmonary nuclear medicine and sonography training in three each, and 
pulmonary medicine training in two. 


nary radiologist, cardiac radiologists were in short supply. 
Only 48 (33%) of 146 institutions reported having one or more 
cardiac radiologists (Table 6). In all, 79 cardiac radiologists 
were identified in this survey. 

The professional activities of the cardiac radiologist were 
varied and usually included interpretation of cardiac plain films, 
coronary arteriograms, and pediatric angiocardiograms (Table 
7). There was little involvement in cardiac nuclear medicine. 
Although thallium stress tests were performed by cardiac 
radiologists in 9 (21%) of 43 departments, they were per- 
formed solely by the cardiac radiologists in only two institu- 
tions and in conjunction with the cardiologist in seven others. 
The cardiac radiologist performed selective noncardiac angio- 
graphic procedures in 32 (71%) of 45 departments, but the 
cardiac radiologist was the only angiographer in just three of 
these institutions, so that the title “cardiac radiologist” did not 
appear to be synonymous with “angiographer.” CT of the 
cardiovascular system was the responsibility of the cardiac 
radiologist in 17 departments, but in 106 departments, it was 
the responsibility of the CT director. 

Cardiac radiology conferences were given on a regularly 


scheduled basis in 87% of departments (Table 8). The avail- 
ability of a cardiac radiologist influenced the decision by the 


TABLE 6: Number of Departments with Dedicated Cardiac 
Radiologists 





Number with Dedicated 


Hospital Number of Jedic 
Category* Departments Cardiac ee 
A 58 33 (57) i 
B 17 3 (18) 
C 20 7 (35) 
D 32 3 (9) 
E 15 1 (7) 
F 4 1 (25) 
Total 146 48 (33) 





* See Table 1 for hospital categories. 


TABLE 7: Patient Service Activities of the Cardiac Radiologist 











Number Positive 
Procedures of Response 
Hospitals (%) 
Cardiac plain films 53 26 (49) 
Intensive Care Unit plain films 51 27 (53) 
Cardiac fluoroscopy 
Echocardiography 52 35 (67) 
All pediatric echocardiography 27 2 (7) 
Some pediatric echocardiography oo 4 (16) 
All adult echocardiography 22 2 (9) 
Some adult echocardiography 21 3 (14) 
Coronary arteriography 
Some coronary arteriograms 44 13 (30) 
All coronary arteriograms 44 2 (5) 
Interpretation of all coronary arterio- 
grams 29 22 (76) 
Consultation in interpretation 18 12 (67) 
Technical support only 27 21 (78) 
Pediatric angiocardiography 
All pediatric angiocardiography 27 3 (11) 
Interpretation of all pediatric angio- 
cardiography 38 27 (71) 
Technical support only 33 17 (52) 





radiology department to devote a block of time to residency 
training in cardiac radiology (Table 9). For example, in group 
A institutions with a cardiac radiologist, 21 (66%) of 32 had a 
block of time devoted to cardiac radiology. In those depart- 
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TABLE 8: Number of Departments with Weekly or Biweekly 
Cardiac Radiology Resident Conferences 





Number with Weekly 


Hospital Number of or Biweekly Cardiac 
Category* Departments Radiology Resident 
Conferences (%) 

A 57 54 (95) 

B 17 13 (76) 

C 25 21 (84) 

D 13 10 (77) 

E 13 10 (77) 

F 3 3 (100) 

Total 128 111 (87) 


SE a e E o mem 
a See Table 1 for hospital categories. 


TABLE 9: Number of Departments with Dedicated* Residency 
Training Period in Cardiac Radiology 





Departments with Departments Without 





Cardiac Radiologist Cardiac Radiologist 

Number Number 

Hospital | Number of Pile m Number of ae 
Category” Departments Training Departments Training 
Period (%) Period (%) 

A 32 21 (66) 26 12 (46) 

B 10 2 (20) 7 1 (14) 

C 12 6 (50) 15 1 (7) 

D ty 2 (12) 14 1 (9) 

E 11 1 (9) 5 0 (6) 

F 1 1 (100) 3 0 (0) 


* Dedicated is defined as a portion of time during residency devoted to 
cardiac imaging, including echocardiography, coronary arteriography, and plain 
film interpretation. 

> See Table 1 for hospital categories. 


ments without a designated cardiac radiologist, 12 (46%) of 
26 had a cardiac rotation, usually in echocardiography alone. 
Overall, 33 (57%) of 58 group A residencies had a cardiac 
radiology block. 

Radiology residents performed echocardiography in 43 
(27%) of 161 institutions. Their instructors included cardiolo- 
gists in 53 institutions, sonographers in 23 institutions, and 
cardiac radiologists in 6 institutions. 


Cardiac Radiology Fellowships 


Sixteen departments had fellowships in cardiac radiology 
(Table 10). Two, however, were listed as cardiovascular- 
interventional programs, and two were actually senior-year 
elective periods, leaving 12 independent programs with 13 
fellowship positions, three of which were not filled. The con- 
tent of these programs is listed in a footnote to Table 10. 

In 12 (8%) of 160 departments, one or more residents went 
on to specialize in cardiac radiology after residency training 
during the 5 years preceding the survey. 
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TABLE 10: Number of Departments with Cardiac Radiology 
Fellowship Program 











Number with 

Cardiac 

Hospital Number of Radiology 
Category* Departments Fellowship 
Program? 

(%) 

A 63 11 (17) 

B 17 O (0) 

C 28 2 (7) 

D 32 3 (9) 

E 16 0 (0) 

F 4 0 (0) 
Total 160 16 (10) 





* See Table 1 for hospital categories. 

P Content of cardiac radiology fellowship programs for 12 institutions is as 
follows: coronary arteriography training is available in 10, cardiac catheterization 
in eight, echocardiography and research in nine each, cardiovascular MR and 
CT in seven each, and clinical cardiology in three. 


Discussion 


Recent surveys [1-3] and editorials [4-8] have addressed 
the status of body-part subspecialization in radiology. The 
shortage of well-trained cardiac radiologists [1, 3], self-referral 
by cardiologists [3], and the need for more intense clinical 
training by radiologists [9, 10] to stem the decrease of direct 
involvement in cardiac imaging has been addressed. 

This survey shows that both cardiac and pulmonary radiol- 
ogy are small subspecialty fields, both in the numbers of 
radiologists involved in these subspecialties and in the number 
of institutions with cardiac or pulmonary radiology divisions. 
Few recently graduated residents enter either discipline. Al- 
though there are few fellowships available in each area, many 
are not filled, in contrast to CT and sonography. A recent 
American College of Radiology publication listed only nine 
available cardiac or pulmonary fellowships, compared with 68 
sonographic and/or CT fellowships [11]. 

The existence of cardiac radiology in most departments is 
threatened by too little involvement in important diagnostic 
procedures such as coronary arteriography and pediatric 
angiocardiography beyond second interpretations or help with 
technique [1-3, 8, 12]. In the case of pulmonary radiology, 
for example, most thoracic CT is performed by radiologists 
subspecializing in CT rather than by a pulmonary radiologist 
(Table 4). It would be interesting to study the effect of this 
phenomenon on the patterns of consultation between the 
radiologist and the pulmonary physician. The clinician often 
believes that interpretation of plain films does not require 
special expertise and that the performance and interpretation 
of CT and arteriography are more valuable skills [9]. The 
clinician may then consult with a CT radiologist, bypassing 
the pulmonary radiologist [2, 13]. Similar problems exist for 
the cardiac radiologist, although the cardiac subspecialist may 
be the most knowledgeable radiologist in cardiovascular dis- 
ease. If others are performing angiography, echocardiogra- 
phy, or nuclear medicine studies, the cardiac radiologist may 
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be bypassed by his clinical colleagues in favor of these 
individuals. The resident cannot fail to recognize this trend, 
and perhaps this explains the lack of interest in the fellowship 
programs in both these fields. 

To permit cardiac and pulmonary radiologists to retain or 
enhance their role as organ subspecialists, ways must be 
found to improve specialty training opportunities in these 
fields. One approach is to give greater emphasis to clinical 
medicine in fellowship training programs [3, 7, 9]. Most im- 
portantly, organ subspecialty fellowship programs should be 
based in departments where radiologists perform the latest 
techniques in their field. For example, pulmonary fellows 
should train in departments where they will perform thoracic 
CT, needle biopsies, and/or pulmonary angiography. Cardiac 
fellowship programs should be available in institutions where 
angiography, echocardiography, and cardiovascular MR are 
performed either by or in close relationship with cardiac 
radiologists, and where fellows have access to these proce- 
dures. In those institutions where cross-sectional imaging and 
interventional procedures are directed by technological 
subspecialists, fellowships combining CT, MR, and sonogra- 
phy with pulmonary or cardiac radiologists are an alternative. 
A combined cardiopulmonary fellowship may be preferable, 
particularly in medium-sized institutions where separate car- 
diac and pulmonary radiology sections are not practical. On 
completion of fellowship training, the radiologist should be 
able to subspecialize in chest and/or cardiac radiology, with 
the expertise to perform the technological procedures asso- 
ciated with these organ subspecialties [14]. 

As experience with pediatric radiologists are shown, if the 
normal lines of consultation are broken because the organ- 
system specialist does not participate in the performance of 
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key procedures in his area, dissatisfaction and eventually 
erosion of the professional competence of the organ-system 
radiologist will occur, and resident and fellowship training will 
suffer [2]. 


REFERENCES 


1. Levin DC, Adams DF, Abrams HL. The role of the radiologist in coronary 
arteriography. Radiology 1977;125:313-315 
2. Leonidas JC, McCauley RGK, Faerber EN. Pediatric radiologists in the 
United States and Canada: involvement with newer imaging modalities. 
Radiology 198 1; 138: 235-237 
3. Grollman JH Jr. Cardiac radiology in Southern California: is there a future 
for cardiac radiologists? AJR 1985;144: 1083-1085 
4. Levin DC, Abrams HL. Participation by radiologists in coronary arteriog- 
raphy. Radiology 1977;125:543-545 
5. Taveras JM. Subspecialization in radiology: what approach should we 
take? Invest Radiol 1986;21:91 
6. Judkins MP. The radiologist and the angiocardiographic laboratory. App/ 
Radiol 1980;125:9-14 
7. Baltaxe HA, Capp P, Abrams HL, et al. Past, present and future status of 
cardiovascular radiology. Cardiovasc Radiol 1979;2:57-66 
8. Cimmino CV. Let us not lose echocardiography. Radiology 1979;130:813- 
814 
9. Rockoff DS, Davis DO, Gaskill JW. Physician attitudes toward the com- 
petence of general diagnostic radiologists: survey and implications. AJR 
1983;140:639-648 
10. Ring EJ, Kerlan RK Jr. Inpatient management: a new role for interventional 
radiologists. Radiology 1985;154:543 
11. American College of Radiology Directory of Fellowship Programs. Reston, 
VA: American College of Radiology, 1986 
12. Baltaxe HA. What is the future of cardiac radiology? AJR 1979;133:766- 
767 
13. Elkin M. Issues in radiology related to the new modalities. Radiology 
1982;143:1-6 
14. Stanley RJ. Cardiopulmonary radiology fellowship. /nvest Radiol 
1986;21 757 


1086 


Book 
Review 





Essentials of Cardiac Roentgenology. By James T. T. Chen. Boston: Little, Brown, 334 pp., 1986. $75 


The primary thrust of this textbook is to describe completely normal 
and abnormal cardiac anatomy and function as seen with routine 
radiographs. These radiographs are of excellent reproduction and 
clarity. Many line-drawings supplement the radiographs and, where 
necessary, pulmonary and systemic arteriograms, CT images, and 
echocardiograms are included for further clarity. 

Each of the 17 chapters deals with a different aspect of normal 
and abnormal cardiac anatomy and/or function. What is refreshing 
about this book is an almost equal and uniform coverage of both 
acquired and congenital cardiac conditions. Although only one chap- 
ter is dedicated to congenital heart disease, this topic is touched on 
repeatedly in many chapters, such as the chapters in which alterations 
in pulmonary vascularity, valvular function, or great vessel anomalies 
are discussed. Other chapters deal with acquired coronary artery 
disease, myocardial disease, pericardial disease, cardiovascular cal- 
cifications, cardiac pacemakers, and prosthetic valves. Special chap- 
ters dealing with cardiac fluoroscopy, the statistical incidence of 
congenital anomalies, and pertinent cardiovascular physiology and 
hemodynamics round out the coverage. 

The two major shortcomings of this book are: (1) no images or 
significant discussion is present about cine cardiac CT (cine-CT) or 


MR imaging; and (2) virtually no images or discussion of nuclear 
medicine—acquired data is present, such as first-pass bolus studies, 
multi-gated acquisition images, or thallium stress testing. Since cine- 
CT, MR imaging and/or nuclear medicine studies represent an integral 
part of today’s work-up of cardiac disease, their omission from this 
text is surprising. The book does, however, borrow freely from cardiac 
catheterization data and images to clarify the radiographic film analy- 
sis and understanding. 

It is obvious that this book represents a lifetime’s effort by Dr. 
Chen in collecting and organizing data, and teaching the information 
to residents. The book is well presented and is written in an easy-to- 
read and easy-to-grasp style. This book should be included in the 
library of every radiologist, general internist, cardiologist, general 
surgeon, and cardiothoracic surgeon. For a resident in any field of 
medicine who has a serious interest in cardiac disease, this book 
should be one of his initial readings because it shows cardiac disease 
at its initial level of detection—the cardiac radiographic series. 
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Mammographic Parenchymal 
Patterns and Quantitative 
Evaluation of Mammographic 
Densities: A Case-Control Study 





The classification of breast parenchymal patterns (N1, P1, P2, DY) and the percentage 
of the breast containing radiographic densities are two highly correlated radiographic 
measures proposed as predictors of the risk of breast cancer. In this case-control study, 
160 cases of breast cancer and 160 matched controls from a mammography referral 
practice were compared to determine the risk of breast cancer associated with each of 
these two radiographic measures. The mammographic densities were quantified on 
caudal projections by means of a compensating polar planimeter. A relative risk estimate 
of 3.3 (p < .05) was associated with the P2 + DY patterns compared with the N1 + P1 
patterns. Significantly elevated risks of 4.3 to 5.5 also were observed among women 
whose breasts contained at least 25% mammographic densities, compared with women 
with less than 25% involvement. These radiographic measures tended to be more 
predictive of the risk of breast cancer in black women than in white women. 

Although the precise clinical roles of breast parenchymal patterns and densities have 
not been defined fully, the results of this study suggest that they are useful in the 
recognition of women at high risk of breast cancer. We make no claims that the findings 
of this study are sufficiently developed to be used as a basis for screening strategies. 


Recognition of women at high risk of breast cancer for more frequent mammo- 
graphic and clinical follow-up can improve prognosis by early detection. Two highly 
correlated radiographic measures proposed as predictors of the risk of breast 
cancer are the percentage of the breast that contains radiographic densities and 
the classification of breast parenchymal patterns. The predictive values of these 
radiographic measures are examined in this report. The term mammographic 
densities signifies areas within the breast seen radiographically over and above 
that of fat. 

The extent of mammographic densities has been associated positively with 
breast cancer in recent investigations [1-3]. However, these studies relied upon 
visual estimates of the densities seen in mammograms (breast parenchymal pat- 
terns). In this study, we measured radiographic densities by using a planimeter. 

The classification of breast parenchymal patterns [4] is based on relative amounts 
of radiographic densities that correspond to connective and epithelial tissues within 
the breast. Four categories of breast patterns are included. The N1 breast is 
considered the “normal” and lowest risk breast pattern; it is composed primarily of 
fat, often with trabeculae and only minor radiographic densities. The P1 breast is 
composed mainly of fat with prominent ducts that appear as nodular and linear 
densities occupying up to 25% of the breast. The P2 breast has prominent ducts 
occupying more than 25% of the breast. The DY breast is characterized by poorly 
defined sheetlike regions of densities admixed with areas of fat. No visible ducts 
are present in the DY breast. 

Since the first report of the association of mammographic patterns and breast 
cancer risk [4] a number of investigations have examined the predictive value of 
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the patterns. Both positive [1-3, 5-11] and insignificant as- 
sociations have been reported [12-17]. Differences in the 
Classification of mammograms, selection of study popula- 
tions, and other aspects of study design and analysis probably 
account for the discrepant findings [17, 18]. As a result, the 
use of mammographic patterns as indicators of the risk of 
breast cancer remains controversial. 

We examined the risk of breast cancer as related to per- 
centages of breast densities and parenchymal patterns, while 
controlling for a number of recognized risk factors for breast 
cancer. 


Subjects and Methods 


Study Population 


The case group consisted of 160 women 30-85 years old who 
had breast cancer histologically confirmed at Hutzel Hospital during 
the 4-year period from January 1979 through December 1982. 
Women whose disease was diagnosed as bilateral carcinoma or who 
had a previous history of breast cancer were excluded. All women in 
the case group received mammographic examinations (negative xe- 
romammography) at Hutzel Hospital; more than 90% of the mam- 
mograms were taken within 8 weeks before surgery. 

The study group had a higher proportion of prevalent (77%) vs 
incident cases (23%). Prevalent cases were defined as those who 
had had a mammogram within 6 months before a histologic diagnosis 
of breast cancer. Incident cases included women who had had normal 
mammograms more than 6 months before a histologic confirmation 
[19]. 

The control group was selected from a pool of 13,510 patients 
who did not have breast cancer or a history of breast cancer and 
who were examined in the Mammography Department of Hutzel 
Hospital during the same 4-year period. A total of 160 controls were 
matched individually to the cases according to the calendar year of 
the diagnostic mammographic examination, age (+2 years), race, age 
at first live birth (+2 years), and first-degree family history of breast 
cancer. The controls were drawn from generally symptomatic women, 
most of whom had breast complaints at the time of mammography. 
Information on risk factors, including the matching variables, was 
obtained at the time of mammography. These risk factors included 
age at menarche, menopausal status, parity, and history of previous 
breast biopsy. 


Procedure for Measuring Dysplastic Involvement 


The caudal projection of the cancer-free breast taken before sur- 
gery was used for assessing densities in the cases, and the caudal 
view of the corresponding side was examined in the controls. For the 
area measurements, a clear acetate overlay was placed on the caudal 
projection, and an outline of the breast was drawn. Within that outline, 
the dysplastic elements (homogeneous, nodular, and linear densities) 
were traced (Fig. 1). The total area of the breast and the areas of 
densities then were measured with a compensating polar planimeter 
(LASICO, Los Angeles, CA). All mammograms were measured at 
least twice with the requirement that values not vary more than 
+2%. Images were mixed randomly and diagrammed without knowl- 
edge of case or control status. Although one person made all the 
diagrams, the actual measurements were made by other persons 
who had no knowledge of the disease status of the women. The 
measurements were randomly checked. As a further check, 80 
randomly selected caudal views (40 cases and 40 controls) were 
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Fig. 1.—Technique of measurement of radiographic densities. 

A, Caudal image. 

B, On a clear acetate overlay placed on caudal image, an outline of 
breast has been drawn. Dysplastic elements have been traced as shown 
and total breast area and involved area have been measured (in cm?). 
Percentage of involvement is 13.3%. 


redrawn and remeasured. The consistency between the two mea- 
surements of the percentages of involvement was within +6%. 


Assessment of Parenchymal Pattern 


Parenchymal pattern was assessed from the first mammographic 
examination. The classifier was aware of the patient's age and race 
at the time of the evaluations and, in many cases, had an impression 
of the disease status; the true-positive rate of diagnosis was 91%. 
Awareness of the disease status might have caused an unconscious 
bias in classification. If bias existed, however, it was probably minor 
since “incident” cases had a higher proportion of P2 and DY patterns 
than “prevalent” cases (92% vs 68%). 


Data Analysis 


The data for the 160 matched pairs of cases and controls were 
analyzed by conditional matched pairs logistic regression by using 
the computer program PECAN [20]. Odds ratios were used to 
estimate relative risk, and 95% confidence intervals were calculated 
to assess the statistical significance of the risk of breast cancer 
associated with the percentage of the breast involved with densities 
and the category of parenchymal pattern. A 95% confidence interval 
that excluded the value 1.0 was statistically significant at p < .05. 

The analyses were stratified by age group (<53, =53) and race 
(black, white). The comparison group for the analysis of radiographic 
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densities consisted of women who had less than 25% densities. The 
other categories were 25-49.99%, 50-69.99%, and 70-100%. The 
number of cases with an N1 pattern was limited, so it was necessary 
to combine women with the N1 and P1 patterns to serve as the 
reference category in the analyses. It was also necessary to combine 
the P2 and DY patterns because no controls were classified as DY 
in the 53 years and older age group. 

Evaluation of the risk factors for breast cancer (e.g., parity) for 
confounding was done by using a step-down logistic regression 
procedure [21]. Because adjustment for additional risk factors did 
not alter the odds ratios, these variables were not included in the 
final analyses. Log-likelihood ratio tests [22] were used to evaluate 
interaction of the matching variables with the risk of breast cancer 
associated with extent of radiographic densities and parenchymal 
pattern. 


Results 
Patient Characteristics 


Examination of the racial composition and age of the study 
population showed that slightly more cases and controls were 
black (53%) than were white (47%). Blacks were also slightly 
older than whites, with a median age of 55 vs 52 years, 
respectively. The median age of the entire control group was 
53 years. Approximately 30% of the controls and 33% of the 
cases were premenopausal. 


Radiographic Densities 


Table 1 shows that the distribution of the percentage of 
the breast involved with radiographic densities differed ac- 
cording to age in both cases and controls. In general, women 
53 years and older had significantly less extensive involve- 
ment (p < .05) than younger women: 66% of control women 
53 years and older had densities less than 25% as compared 
with 37% of controls who were younger than 53 years. The 
median percentage of involvement among cases of all ages 
(median = 39%) was about two times higher than that for 
controls (median = 19%). 


TABLE 1: Distribution of Cases and Controls by Age Group and 
Percentage of Involvement with Densities 
SACS 7 a RS SS EE ES RE fees REE SET ES o 


Percentage of Involvement 


QUANTITATIVE MAMMOGRAPHIC DENSITIES 


Age 
i <25 25-49.99 50-69.99 70-100 All Women 
<53 years 
Cases 8 (11) 23(32) 21 (29) 21 (29) 73 (100) 
Controls 27 (37) 19(26) 16(22) 11(15) 73 (100) 
Total 35 (24) 42(29) 37(25) 32 (22) 146 (100) 
>53 years 
Cases 27 (31) 43(49) 13 (15) 4 (5) 87 (100) 
Controls 57 (66) 16 (18) 7 (8) 7 (8) 87 (100) 
Total 84 (48) 59(34) 20(12) 11 (6) 174 (100) 
All ages 
Cases 35 (22) 66(41) 34(21) 25(16) 160 (100) 
Controls 84(53) 35(22) 23(14) 18(11) 160 (100) 
Total 119(37) 101(32) 57(18) 43(13) 320 (100) 


| eae a er 06 ek ee 


Note.—Numbers in parentheses are percentages rounded off to the nearest 


whole number. 
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TABLE 2: Odds Ratios for Risk of Breast Cancer Associated 
with Percentage of Involvement with Densities by Age Group 
and by Race 
rrr 


Percentage of Involvement 
Age and Race 




















<25 25-49.99 50-69.99 70-100 
All ages and races 
Cases 35 66 34 25 
Controls 84 35 23 18 
Odds Ratio 1.0 5.5 4.8 4.3 
CI NA 2.8-11.0 2.2-10.6 1.8-10.4 
<53 years 
Cases 8 23 21 21 
Controls 27 19 16 11 
Odds Ratio Le 5.3 5.0 7.3 
Cl NA 1.6-17.7 1.5-16.1 2.1-25.4 
>53 years 
Cases 27 43 13 4 
Controls 57 16 7 7 
Odds Ratio to 6.1 5.1 12 
Cl NA 2.5-14.5 1.4-17.5 0.1-12.1 
Whites 
Cases 15 32 17 11 
Controls 34 23 11 7 
Odds ratio Lae 3.0 42 4.2 
Cl NA 1.3-7.0 1.4-12.8  1.2-14.4 
Blacks 
Cases 20 34 17 14 
Controls 50 12 12 11 
Odds ratio 1:07 16.0 6.9 4.8 
Cl NA 44-589 2.0-24.1 1.3-17.7 





Note.—Cl = 95% confidence interval; NA = not applicable. 
* Reference group. 


As shown in Table 2, significant odds ratios of 5.5, 4.8, and 
4.3 were observed for the categories of 25-49.99%, 50- 
69.99%, and 70-100% involvement, respectively, in women 
of all ages and races. No evidence suggested a trend of 
increasing risk with increasing extent of radiographic densi- 
ties. The risk associated with the extent of radiographic 
densities was similar according to age except in the 70-100% 
category of involvement. In this category the odds ratio was 
much higher in women younger than 53 years (odds ratio = 
7.3) than in women 53 and older (odds ratio = 1.2). In women 
younger than 53, elevated odds ratios of 5.3, 5.0, and 7.3 
were observed in the 25-49.99%, 50-69.99%, and 70-100% 
categories of dysplastic involvement, respectively, compared 
with risks of 6.1 (p < .05), 5.1 (p < .05), and 1.2 in the older 
age group. The breast cancer odds ratios associated with the 
extent of mammographic densities in premenopausal and 
postmenopausal women were very similar to those observed 
among women younger than 53 and women 53 and older. 

As seen in Table 2, increased risk of breast cancer asso- 
ciated with extent of densities was present among the white 
women but was even more marked among the black women. 
The higher risk for blacks compared with whites was most 
consistent in the under 53 age group. White women younger 
than 53 had odds ratios of 3.0, 3.9, and 5.4 for 25-49.99%, 
50-69.99%, and 70-100% involvement with densities, re- 
spectively, compared with odds ratios of 16.7, 9.9, and 13.4 
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for black women of the same age group. On the basis of 
these data, race appears to modify the risk of breast cancer 
associated with the percentage of the breast involved with 
radiographic densities. The log-likelihood ratio test for the 
interaction of race and dysplastic involvement showed bor- 
derline significance (0.1 > p > .05), suggesting that the risk 
of breast cancer associated with radiographic densities is 
enhanced among black women. 


Parenchymal Patterns 


As seen in Table 3, the distribution of parenchymal patterns 
differed according to the ages of the women. The majority of 
controls younger than 53 were classified as P2 (53%) or P1 
(23%), whereas fewer had the DY (12%) and N1 (11%) 
patterns. A shift towards the N1 and P1 patterns was ob- 
served in the controls who were 53 years old or older; 
significantly more of the older controls had the N1 and P1 
patterns (p < .001) than controls in the younger age group. 

Table 4 shows odds ratios for the risk of breast cancer 
among women who had P2 and DY patterns compared with 
those who had N1 and P1 patterns. The risk among P2 and 
DY women of all ages and races was 3.3 (p < .05). Women 
younger than 53 had a risk of 2.8 (p < .05), whereas women 
53 years and older had an odds ratio of 3.8 (p < .05). Elevated 
odds ratios also were observed in women 53 years and older 
when blacks and whites were analyzed separately, although 
the 95% confidence limits for the two age groups overlapped. 
Analysis of the risk of breast cancer associated with paren- 
chymal patterns by menopausal status was consistent with 
the stratified age analysis. Postmenopausal women had a 
higher risk associated with the P2 + DY patterns than pre- 
menopausal women did. 

Adequate numbers of women under 53 who had the high- 
risk patterns permitted analysis of the risk of breast cancer 
associated with the P2 and DY patterns separately. The risks 
for the two patterns were very similar; the odds ratios were 
3.1 for P2 and 3.6 for DY. 


TABLE 3: Distribution of Cases and Controls by Age Group and 
Parenchymal Pattern 





Parenchymal Pattern 


WOLFE ET AL. 








Age - 
N1 P1 P2 DY Total 
<53 years 
Cases 3 (4) 8(11) 49(67) 13(18) 73 (100) 
Controls 8 (11) 17 (23) 39(53)  9(12) 73 (100) 
Total 11 (8) 25(17) 88(60) 22(15) 146 (100) 
>53 years 
Cases 2 (2) 31(36) 48(55) 6 (7) 87(100) 
Controls 21 (24) 37 (43) 29(33) 0 (0) 87 (100) 
Total 23 (13) 68 (39) 77 (44) 6 (3) 174 (100) 
All ages 
Cases 5 (3) 39(24) 97(61) 19(12) 160 (100) 
Controls 29 (18) 54 (34) 68(43) 9 (6) 160 (100) 
Total 34 (11) 93 (29) 165(52) 28 (9) 320 (100) 


iee r aa EE E IESE ROE SE ete SO NE MEY Pe Se NESA EER A E M 
Note.—Numbers in parentheses are percentages rounded off to the nearest 
whole number. See text for descriptions of N1, P1, P2, and DY. 
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TABLE 4: Odds Ratios for Risk of Breast Cancer Associated 
with Category of Parenchymal Pattern by Age Group and by 
Race 


RS e E l E E SES SE HS | SES S ONE eee 
Odds 


Age and Race Cases Controls Ratio Cl 

All ages and races 

Ni + P1 44 83 1:0 NA 

P2 + DY 116 77 3.3 1.9-5.7 
<53 years 

N1 + P1 11 25 TO" NA 

P2 + DY 62 48 2.8 1.2-6.2 
>53 years 

N1 + P1 33 58 1:0" NA 

P2 + DY 54 29 3.8 1.8-7.9 
Whites 

N1 + P1 19 33 1o NA 

P2 + DY 56 42 2.3 1.1-4.6 
Blacks 

N1 + P1 A9 50 1.6° NA 

P2 + DY 60 35 5.2 2.2-12.4 


CR SS A AS IE Se) AES ES CE EE 
Note.—Cl = 95% confidence interval; NA = not applicable. See text for 
description of N1, P1, P2, and DY. N1 + P1 group includes women who had 
either N1 or P1 pattern; P2 + DY group includes women who had either P2 or 
DY pattern. 
a Reference group. 


As seen in Table 4, parenchymal patterns appeared to 
influence the risk of breast cancer more strongly in black 
women than in white women. White women had a risk of 2.3 
(p < .05) associated with the P2 + DY pattern, whereas black 
women had a more than twofold higher risk of 5.2 (p < .05). 
The racial difference in relative risk estimates persisted when 
the older and younger age groups were analyzed separately; 
however, the results of the log-likelihood ratio test for the 
interaction of race and pattern classification were not statis- 
tically significant (p = .15). 


Agreement of Parenchymal Patterns and Radiographic 
Densities 


Parenchymal patterns and measurements of radiographic 
densities were cross-tabulated to determine the extent of 
agreement between the two radiographic methods. In gen- 
eral, agreement was very good (x = .91). With two exceptions, 
N1 breasts contained less than 0.01% radiographic densities. 
Eighty-eight percent of P1 breasts contained less than 25% 
densities; 98% of P2 breasts contained at least 25% densities. 
All DY breasts contained radiographic densities in more than 
25% of the breast. 


Discussion 


Our findings indicate that the extent of involvement with 
radiographic densities and mammographic parenchymal pat- 
terns were associated significantly with the risk of breast 
cancer. Odds ratios ranged from 4.3 to 5.5 for the risk 
associated with at least 25% involvement with radiographic 
densities in women of all ages, and an odds ratio of 3.3 was 
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associated with the P2 + DY patterns relative to the N1 + P1 
patterns. 

The extent of mammographic densities was also a signifi- 
cant predictor of breast cancer in studies by Brisson et al. [2] 
and Boyd et al. [3]. In those investigations, the extent of 
nodular densities (seen in P1, P2) and homogeneous densities 
(seen in DY) were estimated visually and analyzed separately 
with respect to risk of breast cancer. Brisson et al. [2] found 
a steady increase in risk with increasing extent of radiographic 
densities; however, a stronger trend in risk was associated 
with the extent of nodular densities than with the extent of 
homogeneous densities. Boyd et al. [3], however, found 
higher risks associated with the extent of homogeneous 
densities. Both studies concluded that the extent of densities 
was a significant risk factor only in women less than 50 to 60 
years old. 

In our study, linear, nodular, and homogeneous densities 
were estimated jointly by using planimeter measurements. 
Although significantly elevated odds ratios were associated 
with densities of at least 25%, no indication was seen of a 
linear trend of increasing risk with increasing extent of den- 
sities. 

Age did not appear to alter the risk of breast cancer 
associated with the extent of densities except among women 
who had 70-100% involvement; in this category, women 
younger than 53 had a risk of 7.3, compared with a risk of 
1.2 for women 53 and older. The small number of women in 
the study group who were 53 and older who had 70-100% 
radiographic densities may account for this difference. Also, 
women with extensive densities who reach menopause with- 
out an occurrence of breast cancer may be less vulnerable to 
developing the disease. In contrast, Brisson et al. [2] and 
Boyd et al. [3] noted lower risks in older women across all 
categories of density involvement. 

A woman’s race appeared to modify the risk of breast 
cancer associated with the extent of radiographic densities: 
Higher odds ratios were observed among black women for 
every density. Differences between blacks and whites were 
particularly striking in women who were younger than 53. 
This is the first report to evaluate racial differences in the risk 
of breast cancer associated with the extent of radiographic 
densities. 

A significantly elevated odds ratio of 3.3 was seen in the 
women who had P2 or DY patterns compared with the women 
who had N1 or P1 patterns, but no more specific comparisons 
could be made. In regard to the effect of age on the risk 
associated with parenchymal patterns, odds ratios were ele- 
vated significantly in women of both age groups; however, 
slightly higher risks of breast cancer were seen among women 
with P2 or DY patterns who were 53 years old or older. In 
contrast, several other studies have reported higher risks 
associated with P2 and DY in women under the age of 55; 
lower or no associations were found in older women [1-3, 5- 
7]. Our analysis of parenchymal patterns and risk of breast 
cancer was controlled for age and several other risk factors, 
whereas only three [2, 3, 6] of the previously cited six studies 
were controlled for risk factors other than age. 

Differences in the risk of breast cancer associated with P2 
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+ DY patterns were detected between white and black 
women in the study group. Black women with P2 + DY 
patterns had an odds ratio of 5.2, whereas white women had 
a corresponding odds ratio of 2.3. This finding is notable, 
particularly because no publications to date have examined 
differences between blacks and whites in risk associated with 
breast patterns. 

Increased body weight has been associated with the risk 
of breast cancer [23-25], the lower-risk parenchymal pat- 
terns, and low extents of radiographic densities [26-28]. Two 
case-control studies [10, 26] found that adjustment for weight 
strengthened the relationship between mammographic fea- 
tures (i.e., radiographic densities, parenchymal patterns) and 
the risk of breast cancer. Given these findings, the odds ratios 
from our analysis may underestimate the risk of breast cancer 
associated with radiographically dense breasts because ad- 
justments for weight were not possible. Total breast area 
was examined for confounding in our analysis as a surrogate 
measure of body weight, but this variable had little impact on 
the estimates of relative risk. 

Boyd et al. [29] studied the risk of breast cancer associated 
with categories of parenchymal patterns by using both asymp- 
tomatic controls from a screening program and symptomatic 
referral controls. They found elevated risks associated with 
the P2 and DY patterns only when asymptomatic women 
were compared with the cases. Although the control group in 
the present study was drawn from a highly symptomatic 
group of women, significantly elevated risks of breast cancer 
were observed. Because these women were symptomatic, it 
is possible that the odds ratios were underestimated. 

Most of the mammograms used in the present study were 
taken a short time before these breast cancers were diag- 
nosed. For this reason, we were unable to determine the 
predictive power of the classification of parenchymal patterns 
or the extent of radiographic densities determined several 
years before diagnosis. Most studies of parenchymal patterns 
to date also have evaluated mammographic studies obtained 
shortly before diagnosis. Clearly, the predictive value of the 
radiographic measures assessed in this study need to be 
tested in a longitudinal study design that includes adjustments 
for the necessary risk factors for breast cancer. 

We have developed a method that uses a compensating 
polar planimeter to quantitate the densities that appear on 
mammograms. The planimeter measurements are not difficult 
to accomplish, but they are tedious and time-consuming. For 
this reason, a method to simplify the mapping of radiographic 
densities is needed. 

The exact clinical role of the radiographic measures evalu- 
ated in this study has not been defined fully, and further 
evaluation of parenchymal patterns and densities is needed 
before these determinations can be used as a basis for 
mammographic screening programs. Nevertheless, our re- 
sults suggest that classification of breast parenchymal pat- 
terns and determination of the percentage of radiographic 
densities are valid approaches for the recognition of women 
at high risk of breast cancer. Both radiographic measures 
appear to be more predictive of the risk of breast cancer in 
black women than in white women. 
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Meeting News 


Imaging Technologies in Breast Cancer Control: Summary 
of a Report of a World Health Organization Meeting 


A. B. Miller! and M. Tsechkovski? 


This summary report is based on a consultation convened 
under the aegis of the World Health Organization (WHO) on 
October 2-4, 1985, in Moscow, USSR. With new technologies 
and innovative approaches, unrestrained enthusiasm, some- 
times coupled with commercial incentives, has resulted in 
hasty marketing and misuse of products before they have 
been evaluated properly. A major concern of the World Health 
Organization is to prevent this misuse, particularly in countries 
where expertise is lacking. Use of new techniques for control 
of breast cancer is one example. 

Early detection of breast cancer requires the appropriate 
use of technology with a clear understanding of the difference 
between two common approaches. First is the detection of 
lesions in screening programs in which the probability of 
malignancy is approximately 1-5 per 1000 women screened 
(depending on age and previous screening history). Second 
is the detection of lesions in which the probability of malig- 
nancy is high (approximately 1-in-4 to 1-in-100 women, de- 
pending on age and type of referral), as in diagnosis of 
symptomatic women. Further, the approach will differ accord- 
ing to whether a presumptive detection of an abnormality is 
the aim (as in screening) or whether the technique is used to 
differentiate benign from malignant lesions (as in diagnosis). 

The participants in the meeting agreed that mammography 
is the most sensitive method for early detection of breast 
cancer, particularly for tumors smaller than 1 cm in diameter, 
and that the effectiveness of screening mammography in 
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reducing mortality from breast cancer in women who are 50- 
74 years old has been established in studies in the United 
States, the Netherlands, and Sweden. 

The recommendations of the meeting were as follows. 

1. Mammography is recommended as a service commit- 
ment for the primary investigation of women in the breast- 
cancer age-range who develop breast symptoms. 

2. For screening, mammography should be established in 
special centers that are readily accessible to the population 
to be screened. A number of such screening centers should 
be related to special regional diagnostic units, which would 
contain all necessary facilities for the diagnosis and treatment 
of breast cancer detected by mammography. Close collabo- 
ration with medical physicists is essential for quality assur- 
ance. 

3. Mammography should only be performed by using ded- 
icated units in dedicated rooms with specially trained staff. 
Standard (overhead) radiologic equipment shouid not be used 
for screen-film mammography under any circumstances. 

4. The specifications for dedicated mammography units 
may change as technical advances occur, but currently the 
following are recommended: (a) firm, even compression to 
reduce the overall thickness of the breast to a uniform thick- 
ness that permits maximum visualization of breast structure; 
(b) a focal-spot size of less than 0.6 mm, ideally in the range 
0.3-0.5 mm; (c) a focal-film distance that reduces as far as 
possible the geometric unsharpness and that is compatible 





Participants in this meeting of the World Health Organization were D. Kopans (Boston), A. B. Miller (Toronto), M. Moskowitz (Cincinnati), J. Price (Guildford, 
Surrey, U.K.), |. Labetskij (Moscow), J. Stjernsward (Geneva), and M. Tsechkovski (Geneva). 
A full report on this meeting is available from the World Health Organization as technical document CAN/86.6, WHO, Geneva, 1986; WHO, 1211 Geneva 27, 


Switzerland. 
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with the focal-spot size (generally about 55-75 cm); (d) pho- 
totimers to produce constant exposure control; (e) handling 
characteristics of the machine that permit large-volume usage; 
(f) sufficient flexibility to perform readily all mammographic 
views, including the craniocaudal, mediolateral, and 45° me- 
diolateral, oblique projections. 

5. For screening, the 45° mediolateral, oblique mammog- 
raphy projection should be used. For two-view mammogra- 
phy, the craniocaudal view should also be used. 

6. If women between the ages of 40 and 49 are to be 
screened, outside of specially designed research investiga- 
tions, two-view mammography should be used and should 
be performed annually. For older women, single-view (medi- 
olateral oblique) mammography every 2 years is acceptable. 

7. In preparation for mass-population breast-cancer screen- 
ing, adequate training programs for radiologists and radiog- 
raphers must be introduced in centers of excellence. Special 
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training may also be required for surgeons for the localization 
and management of abnormalities found on breast screening 
and for pathologists in the diagnosis of small invasive and in 
situ carcinomas, as well as the borderline abnormalities found 
on screening. 

8. In breast diagnostic units, skilled radiologists, surgeons, 
and pathologists should work as a team. 

9. The diagnosis and management of abnormalities found 
after mammography should not be performed in district hos- 
pitals or other institutions that are not staffed appropriately, 
even if patients with symptomatic breast cancer are normally 
treated in these institutions. 

10. The term “minimal” breast cancer should be abandoned 
in favor of classification of the tumor by histologic type, size 
as measured by the pathologist, degree of invasion, and nodal 
Status. 
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Liver Transplant Rejection: 
Angiographic Findings in 35 Patients 





Rejection, the leading cause of liver allograft dysfunction, is usually detected by liver 
biopsy. The purpose of this study was to determine if there are angiographic findings 
that correlate with this posttransplantation complication. In a retrospective study, the 
angiograms of 35 patients with histologically proven allograft rejection were reviewed. 
The examinations were done because of suspected posttransplantation vascular com- 
plications. Abnormal hepatic arteriograms were observed in 30 (86%). Eleven (37%) of 
the 30 had hepatic artery thrombosis (all had acute rejection). Nineteen (63%) of the 30 
had varying degrees of intrahepatic arterial narrowing (14 had acute and five had chronic 
rejection). Additional findings in patients with acute rejection included (1) stretching of 
the intrahepatic arterial tree (five cases) and (2) slow flow, poor peripheral arterial filling, 
and a decrease in the number of intrahepatic arteries (10 cases total). Intrahepatic 
branch vessel stenoses and occlusions were seen in four patients with chronic rejection. 

We conclude that there is good correlation between the angiographic findings and 
histologic evidence of rejection. Although angiography is not advocated as a test for 
transplant rejection, detection of certain findings raises the possibility of rejection. 


Liver transplantation is an accepted treatment for irreversible end-stage liver 
disease in both children and adults [1, 2]. Survival rates continue to improve, 
especially as the result of the success of cyclosporine as an immunosuppressive 
drug [3, 4]. Four-year survival is 75% in children and 50% in adults [3]. 

However, rejection is still the most common cause of posttransplantation hepatic 
dysfunction [5], occurring in at least 37% of liver allografts [6]. Without liver biopsy, 
the diagnosis is often made by exclusion. 

After transplantation, hepatic angiography is often performed for the evaluation 
of possible vascular complications. In our institution, 18% of liver transplant patients 
require postoperative angiography [7]. In this study, we analyzed the angiographic 
findings in 35 liver transplant patients with a histologic diagnosis of rejection to 
determine if there was a correlation between rejection and angiographic findings. 


Materials and Methods 


During the 65-month period ending June 1986, 590 patients (231 children and 359 adults) 
received 766 orthotopic liver transplants at the University Health Center of Pittsburgh. There 
were 263 men and 327 women, aged 4 months to 67 years. 

One hundred four patients (110 transplants) underwent 123 angiographic studies. Angiog- 
raphy was performed from 1 day to over 11 years after transplantation. Seventy-five percent 
of the studies were performed within the first 2 months after transplantation. Excluding 
rejection, a detailed analysis of the findings in the first 87 patients has been reported [7]. 

The current study group consists of a subgroup of the angiographic population defined 
above. Included are 35 patients (19 children and 16 adults) who had a hepatic arteriogram 
and a histologic diagnosis of allograft rejection. Indications for angiography in these patients 
were suspected hepatic artery thrombosis in 33, hemobilia in one, and evaluation of portal 
vein patency for retransplantation in one. 
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Liver tissue was available for histologic evaluation in 24 cases 
within 6 days, in eight cases at 7-12 days, and in three cases at 13- 
18 days after angiography. The diagnosis of rejection was made by 
liver biopsy in 20 patients and by histologic examination of the 
hepatectomy specimen after retransplantation in 15 patients. Be- 
cause of the variable interval between angiography and the diagnosis 
of rejection, no attempt was made to correlate the degree of rejection 
with the angiographic findings. 


Results 


Abnormal hepatic arteriograms were observed in 30 (86%) 
of the 35 cases. The most common arteriographic abnormality 
in both acute and chronic rejection was varying degrees of 
narrowing of the intrahepatic arterial tree in 19 (63%) of the 
30 patients. 


Acute Rejection 


Thirty patients had acute rejection. Diffuse arterial narrow- 
ing and stretching of the intrahepatic arterial tree were ob- 
served in five patients (Fig. 1). In three patients, narrowing of 
the peripheral hepatic arterial branches was shown. Slow 
flow, arterial narrowing, poor peripheral arterial filling, and a 
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decrease in the number of intrahepatic arteries (“pruned-tree” 
appearance) were seen to varying degrees in 10 patients (Fig. 
2). Hepatic artery thrombosis occurred in 11 patients with 
acute rejection. Five patients had normal hepatic arterio- 
grams. 


Chronic Rejection 


Five patients had chronic rejection. In four, diffuse arterial 
narrowing was observed that was generally more marked 
than seen in acute rejection (Figs. 3 and 4). These four 
patients also had branch vessel stenoses and occlusions 
(Figs. 3 and 4). One patient had narrowing of the peripheral 
intrahepatic arteries. 


Discussion 


After liver transplantation, rejection is one of the leading 
causes of hepatic dysfunction in both the early and late 
postoperative periods [6]. The differentiation of rejection from 
other causes of hepatic dysfunction is crucial for institution of 
proper therapy. 


Fig. 1.—Acute rejection. Diffuse nar- 
rowing and stretching of intrahepatic 
arteries on celiac arteriogram 3 months 
after transplantation. 


Fig. 2.—Acute rejection. Arterial nar- 
rowing, poor peripheral arterial filling, 
and reduced number of intrahepatic ar- 
teries on celiac arteriogram 2 weeks 
after transplantation. 


Fig. 3.—Chronic rejection. Severe 
diffuse arterial narrowing with branch 
vessel occlusions (arrowheads) and 
stenoses (arrows) on hepatic arterio- 
gram 8 months after transplantation. 


Fig. 4.—Chronic rejection. Markedly 
narrowed hepatic arteries with no pe- 
ripheral filling and with branch vessel 
occlusions on celiac arteriogram 9 
months after transplantation. 
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Postoperative graft dysfunction can be due to several other 
conditions including ischemic damage, biliary obstruction, he- 
patic artery thrombosis, viral infection, hemolysis, and drug- 
induced hepatic injury [5, 8, 9]. Differentiation of rejection 
from these conditions occasionally can be suggested by 
clinical presentation and liver function tests [5]. However, 
without liver biopsy, the diagnosis of rejection is often made 
by exclusion [6, 8]. Biliary obstruction can be excluded by 
cholangiography [10, 11]. Hepatic artery patency can be 
evaluated with duplex sonography, although angiography 
may be required [12]. 

Histologically, rejection is manifested by a cellular-mediated 
injury of hepatocytes and bile ductules and a spectrum of 
vascular lesions in the hepatic arteries [6]. Rejection episodes 
within the first 2 months after transplantation are character- 
ized by a marked inflammatory infiltrate within the portal tracts 
(Fig. 5). We postulate that this infiltrate results in microvas- 
cular injury with subsequent edema, which increases intra- 
hepatic pressure resulting in arterial narrowing and slow 
arterial flow. Slow flow and arterial narrowing were observed 
in many of our patients. Elevated intrahepatic pressure has 
been shown to occur in rejecting liver allografts in the rat 
[13]. Blood-flow studies during acute rejection have demon- 
strated a marked decrease in total hepatic blood flow [8, 
14]. During an acute rejection episode, the allograft is fre- 
quently swollen [9], probably caused by the infiltrative process 
and edema. This swelling correlates with the stretched ap- 
pearance of the intrahepatic arterial tree noted angiographi- 
Cally (Fig. 1). 

The arterial lesions of rejection are most evident in the 
medium-sized hepatic arteries [6]. In the first 2 months after 
surgery, vasculitis and fibrinoid necrosis predominate. Later, 
deposition of subintimal foam cells, intimal sclerosis, and 
myointimal hyperplasia occur, which are the hallmarks of 
chronic rejection (Fig. 6). The end result is arterial narrowing 
and eventually occlusion (Figs. 3 and 4). 

Similar angiographic findings have been described in renal 
allograft rejection [15, 16]. However, one manifestation of 
renal allograft rejection, microaneurysms [15, 16], was not 


Fig. 5.—Acute rejection. Inflamma- 
tory infiltrate (arrows) expanding portal 
tract on needle biopsy 10 days after 
transplantation. (H and E, x 100) 


Fig. 6.—Chronic rejection (same pa- 
tient as in Fig. 3). Severe luminal nar- 
rowing (arrowheads) of a branch he- 
patic artery (straight arrows) caused by 
medial thickening and deposition of 
medial and subintimal foam cells seen 
in failed allograft specimen 8 months 
after transplantation. Bile duct (curved 
arrow). (H and E, x 100) 
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observed in our series. Microaneurysms as seen in renal 
allograft rejection are a manifestation of arteritis [16]. The 
vasculitis seen in liver allograft rejection predominantly in- 
volves the veins; arteritis is unusual. 

Eleven patients with acute rejection had hepatic artery 
thrombosis. Several factors have been implicated in the path- 
ogenesis of liver transplant arterial thrombosis [17]. Our his- 
tologic observations indicate that there is also an association 
between acute rejection and the development of hepatic 
artery thrombosis in some cases. In these cases thrombus 
usually originates at the anastomosis. Pathologically, we have 
observed anastomotic intimal irregularities in these patients. 
We believe that with acute rejection and subsequent dimin- 
ished hepatic arterial flow, thrombus forms at sites of arterial 
intimal defects, such as suture lines. 

Severe chronic rejection can cause progressive narrowing 
of the intrahepatic arteries and result in occlusion (Fig. 6). 
This explains the diffuse arterial narrowing and the branch 
vessel stenoses and occlusions seen angiographically (Figs. 
3 and 4). The end stage of this process is occlusion of all 
intrahepatic arteries with subsequent thrombosis of the he- 
patic artery. 

Five patients with acute rejection had an essentially normal 
hepatic arteriogram. The rejection in these patients may have 
been too mild to manifest itself angiographically. Another 
possible explanation for the absence of findings is response 
to immunosuppressive therapy. With appropriate antirejection 
treatment, the inflammatory infiltrate seen in acute rejection 
can clear within several days. Therefore, hepatic angiography 
would be normal. 

Recently, diffuse intrahepatic arterial-portal vein shunting 
has been suggested as a feature of rejection in liver trans- 
plants [18]. However, arteriovenous shunting secondary to 
rejection was not observed in our series. One patient with 
rejection demonstrated filling of peripheral portal branches 
late in the hepatic arterial phase, which was thought to be 
consistent with hepatic vein occlusion. Retransplantation was 
required. Pathologic examination of the hepatectomy speci- 
men showed hepatic vein endophlebitis and occlusion. 
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The angiographic findings observed in our series are not 
specific for rejection. They have been seen in hepatic necrosis 
[18]. We have also observed these findings occasionally in 
acute cholangitis. Hepatic necrosis can occur secondarily to 
severe rejection, hepatitis, ischemic injury during harvesting, 
or posttransplantation hepatic artery thrombosis. The under- 
lying etiology for necrosis is difficult if not impossible to 
determine pathologically. Therefore, angiography is not ad- 
vocated as a specific diagnostic test for rejection. Angiogra- 
phy is indicated in the evaluation of possible posttransplan- 
tation vascular complications [7]. The findings should be 
interpreted in conjunction with all available clinical and labo- 
ratory information. 
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Liver Allograft 
Transplantation: Postoperative 
CT Findings 





The CT findings in the abdomen after liver transplantation as seen on 72 examinations 
in 23 allograft recipients are described. CT was most useful in the evaluation of the 
gross structural integrity of the allograft and in the detection of extrahepatic fluid 
collections. Low-density foci within the allograft parenchyma were seen in 10 patients 
(43%) and were associated with infarction and necrosis, infection, malignancy, and 
rejection. Localized extrahepatic fluid collections (hematomas, bilomas, and seromas) 
were present in 16 patients (70%); four of the focal fluid collections detected by CT 
were infected. Since the nature of these fluid collections could not always be determined 
by CT characteristics, fine-needle aspiration was sometimes required for a specific 
diagnosis. Prominence of the portal structures was associated with previous or ongoing 
episodes of rejection in eight of nine patients, likely reflecting increased resistance to 
portal flow. CT occasionally showed low, dense, and calcified thrombi in the donor aorta 
and inferior vena cava. CT also showed biliary obstruction in four patients (17%) without 
identifying its cause. 

CT is a noninvasive means of imaging the hepatic allograft recipient; providing data 
on the hepatic parenchyma, vasculature, and biliary system; and identifying the presence 
of intraabdominal fluid. 


The overall survival of liver transplant recipients has improved significantly in 
recent years in large part because of changes in immunosuppressive treatment 
regimens [1-3]. However, several postoperative complications continue to jeopard- 
ize the success of hepatic transplantation. Rejection and local or systemic infections 
remain ominous complications. Other complications include allograft ischemia, 
biliary obstruction, biliary leakage, and hemorrhage. Prompt detection, diagnosis, 
and treatment of the various complications of liver transplantation are crucial for 
graft and patient survival. An array of imaging techniques has been used to evaluate 
complications in liver transplant patients [4-6]. In this report the role of CT is 
assessed in the postoperative management of hepatic allograft recipients. 


Materials and Methods 


Between 1979 and 1985, 23 of 42 liver transplant recipients underwent one or more CT 
examinations at intervals of 4 days to 4 years 5 months after transplantation. Most scans 
were obtained soon after transplantation with 53 scans obtained within 2 months and 61 
scans within 6 months of allograft placement. The causes of hepatic failure in the 15 pediatric 
and eight adult patients, ranging in age from 8 months to 46 years old, included biliary atresia, 
alpha;-antitrypsin deficiency, chronic active hepatitis, secondary biliary cirrhosis, cholangio- 
carcinoma, and hepatoma. The variable operative techniques used at our institution relating 
to the vascular and biliary systems have been described [7]. In these pediatric transplant 
recipients, inclusion of the donor aorta with aortoaortic anastomosis was used to provide 
hepatic arterial perfusion. Biliary drainage was usually managed with a cholecystojejunostomy 
Roux-en-Y anastomosis (Fig. 1). In adult patients, end-to-end hepatic artery, portal vein, infra- 
and suprahepatic inferior vena cava, and choledochocholedochostomy anastomoses were 
performed (Fig. 2). 
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Fig. 1.—Diagram of pediatric liver transplantation shows arte- 
rial supply of allograft accomplished with end-to-side aortoaortic 
anastomosis and biliary reconstruction accomplished with 
cholecystojejunostomy. 


Indications for CT after hepatic transplantation include fever, right 
upper quadrant pain, jaundice, and abnormal laboratory data. CT 
scans were obtained at 1-cm intervals through the abdomen after 
oral and IV administration of contrast material whenever possible. In 
17 instances, nausea and vomiting precluded administration of oral 
contrast material. IV contrast material was not used in 16 instances 
because of previous allergic reactions to contrast media and/or 
inadequate renal function. 

CT findings were correlated with the results of available clinical, 
surgical, radiologic, laboratory, and histopathologic data. At the time 
of this review, 11 transplant recipients were still alive. Autopsy data 
were available in eight of the deceased recipients. 


Results 


Numerous abnormalities were detected by CT and are 
summarized in Table 1; several findings were often identified 
in an individual patient. CT findings were related to abnor- 
malities in the liver parenchyma, vasculature, biliary system, 
and perihepatic spaces. Other CT abnormalities in the abdo- 
men reflected the presence of chronic liver disease or the 
postoperative or immunosuppressed status of the patient. 

Regarding abnormalities of the transplant parenchyma, 
small (less than 3-cm) regions of low attenuation were iden- 
tified in the early postoperative period in seven patients (Fig. 
3). Autopsy was performed on five of these patients within 
26 days, biopsy on one within 4 days, and surgery on one 
within 1 month. Pathologic findings included hepatic necrosis 
in three patients, focal or diffuse infection in three, and rejec- 
tion in one. Larger areas of parenchymal low density were 
seen in two patients. The autopsy in one, performed only 4 
hr after CT, revealed extensive necrosis of the right hepatic 
lobe due to total occlusion of the hepatic artery and partial 
occlusion of the portal vein. In the other patient with biopsy 
evidence of rejection, the lateral segment of the left lobe was 


LETOURNEAU ET AL. 


AJR:148, June 1987 


Suprahepatic 
vena caval —————— | 
anastomosis 
\ 
Vd, \ 





Portal vein. 
anastomosis 


Infrahepatic eS) CXL) 
vena caval r i 
i Sir Hepatic 
anastomosis P {| A ty arena 
YJ anastomosis 


Choledocho- iS 
choledochostomy | f £ $s 


Fig. 2.—Diagram of adult liver transplantation shows end-to-end 
caval, hepatic arterial, and portal venous anastomoses and chole- 
dochocholedochostomy biliary reconstruction. T tube is placed for 
biliary drainage. 


TABLE 1: CT Findings After Hepatic Transplantation 





No. (%) of 
; Patients 
Abnormality Affected 
(n = 23) 
Free abdominal fluid 13 (57) 
Focal areas of decreased hepatic paren- 
chymal attenuation 10 (43) 
Splenomegaly 10 (67)? 
Prominence of central porta hepatis 
structures 9 (39) 
High-attenuation foci or rings in donor 
aorta/inferior vena cava 9 (39) 
Low-density focal fluid collections 9 (39) 
High-density focal fluid collections 7 (30) 


Focal areas of decreased splenic paren- 
chymal attenuation 2 ( 
Low-attenuation defects in donor aorta 4 ( 
Biliary dilatation 4 (17) 
Pancreatic enlargement 2 ( 
Pneumatosis intestinalis 1 ( 
Focal thickening of small intestinal wall 1( 





* Splenectomy was not performed in 15 patients. 


of uniformly low density on unenhanced images. After IV 
administration of contrast material this area became nearly 
isodense with the surrounding liver parenchyma (Fig. 4). One 
other patient, who had a transplant because of hepatocellular 
carcinoma, developed three small, well-defined areas of de- 
creased parenchymal attenuation representing recurrent ma- 
lignancy 10 months after transplantation. 

Prominence of the central portal structures correlated with 
biopsy evidence of recent or concurrent rejection in eight 
patients (Fig. 5). No parenchymal abnormalities were seen in 
these patients. Portal prominence in one other patient without 
evidence of rejection was attributed to an earlier shunt pro- 
cedure necessitated by congenital absence of the portal vein. 
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Fig. 3.—Small foci of parenchymal low atten- 
uation (arrows) in immediate postoperative period 
represent areas of infarction and necrosis. 


Thrombus-producing low-density filling defects within the 
donor aorta on enhanced CT scans was confirmed either by 
sonography (three patients) or by arteriography (three pa- 
tients) (Fig. 6). High-attenuation foci or rings along the donor 
aorta and/or the inferior vena cava were detected about 10 
weeks after transplantation and occurred predominantly in 
pediatric recipients (Seven patients)) (Fig. 7). CT of an autopsy 
specimen showed similar high attenuation, and pathologic 
examination revealed calcified mural thrombus. Sonography 
showed thrombosis at the level of the high-attenuation foci 
or rings in the donor aorta in two patients and in the inferior 
vena cava in two patients. 

The biliary tract was dilated in four children who had under- 
gone cholecystojejunostomy biliary reconstruction. Sonogra- 
phy confirmed biliary dilatation in three of these patients. In 
two, percutaneous transhepatic cholangiography identified 
obstruction at the level of the cystic duct. In the other, who 
had hepatic artery thrombosis, percutaneous transhepatic 
cholangiography confirmed biliary dilatation but did not show 
obstruction. 

Localized fluid collections were commonly seen and in- 
cluded hematomas, bilomas, and seromas. Eight acute he- 
matomas in seven patients were characterized by high density 
on early CT scans (Fig. 7). Attenuation values of the hema- 
tomas decreased on subsequent studies. Five hematomas 
occurred in subphrenic and/or subhepatic spaces and three 
hematomas occurred elsewhere in the abdomen. One hema- 
toma (located in the right flank) was infected with Gram- 
negative bacteria. The CT appearance of the infected hema- 
toma was indistinguishable from that of noninfected collec- 
tions. 

Large, low, dense fluid collections in two adult patients 
extended from the subhepatic space to the right subphrenic 
space. Fine-needle aspiration documented infected bile col- 
lections in both patients. Surgical or autopsy examination of 
these patients revealed dehiscence of the choledochochole- 
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Fig. 4.—During allograft rejection. 
A, Unenhanced scan shows marked, diffuse low density in lateral segment of left lobe (arrows). 
B, After IV contrast enhancement, an increase in density is seen in this same region. 





Fig. 5.—Prominence of central portal struc- 
tures, including portal vein (arrows), is seen in 
association with an episode of rejection. 


dochostomy anastomosis in association with an inflammatory 
phlegmon and bile peritonitis. The results of fine-needle 
aspiration in the other seven patients indicated that the fluid 
collections were seromas, one of which was infected. Free 
abdominal fluid was commonly seen and ranged in volume 
from scant to massive. 


Discussion 


Despite an increase in the survival rate among liver trans- 
plant recipients, postoperative complications still seriously 
threaten graft and patient survival. Prompt diagnosis and 
treatment of these complications is of critical importance [7]. 
Abdominal CT is of value in the detection of many complica- 
tions that follow hepatic transplantation. 
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Fig. 6.—A, Low density is present within donor aortic segment (arrow) on enhanced scan. 
B, Aortogram shows occlusion of donor aorta about 3 cm beyond end-to-side anastomosis (arrow). 


Thorough examination of the hepatic parenchyma can be 
accomplished easily with CT. Small, low-density parenchymal 
abnormalities seen in the early postoperative period often 
represent regions of infarction and necrosis, presumably 
caused by inadequate organ preservation or vascular com- 
promise. The size of these foci is not characteristic of the 
larger peripheral regions of low attenuation that have been 
described with liver infarction [8]. Small parenchymal defects 
were also seen in the setting of infection (diffuse and focal) 
and rejection. Larger areas of low attenuation were seen in 
two patients and were associated with hepatic necrosis and 
rejection. Parenchymal abnormalities also included one case 
of recurrent malignancy. 

Vascular complications often become apparent in the early 
postoperative period. Thrombosis of both the hepatic artery 
and portal vein is a serious complication, sometimes not 
detectable during transplantation [2], that results in rapid, 
irreversible deterioration of transplant function. In addition, 
technical problems can be presented by congenital absence 
of the supra- or intrahepatic inferior vena cava or by anoma- 
lous hepatic arterial supply that ultimately result in massive 
hepatic ischemia. Parenchymal abnormalities can indirectly 
reflect these vascular problems. Occasionally, CT identifies 
more specific vascular abnormalities such as low-density 
thrombus within the donor aorta. In this series, all four patients 
with such findings had confirmatory evidence provided by 
either sonography or angiography. High-attenuation abnor- 
malities seen on CT within the donor aorta and the inferior 
vena cava weeks after transplantation may reflect calcified 
mural thrombi. If vascular complications are suspected, du- 
plex sonography of the hepatic artery, donor aorta, portal 
vein, and inferior vena cava may obviate angiography [5, 9, 
10]. Angiographic procedures including aortography, selective 
arteriography, inferior vena cavography, wedged hepatic ven- 
ography, and transhepatic portography, however, may be 
needed if sonography is inconclusive [4, 11, 12]. 

Rejection is another serious posttransplant complication [2, 
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Fig. 7.—Region of high density along lateral 
margin of right hepatic lobe (arrows) represents 
acute hematoma. 


13]. Clinical differentiation of rejection from other causes of 
hepatic dysfunction, such as biliary obstruction, may be diffi- 
cult, and rejection often remains a diagnosis of exclusion. 
Even liver biopsy does not consistently establish the presence 
or absence of rejection [2]. On CT, demonstration of promi- 
nence of the central portal structures was commonly associ- 
ated with previous or concurrent episodes of rejection. Portal 
prominence may reflect increased resistance to portal blood 
and lymphatic flow through the allograft during and after 
rejection [14]. In most patients with rejection, no parenchymal 
abnormalities were identified on CT. In one patient, regional 
decreased attenuation was best observed on the unenhanced 
scans. This may have reflected ischemia associated with 
rejection. 

The clinical and laboratory data obtained in the setting of 
biliary obstruction are nonspecific, also. CT showed biliary 
dilatation in four pediatric patients. Sonography confirmed 
this finding in three patients. Noninvasive sonographic or CT 
imaging of the biliary tree in pediatric patients who have 
undergone cholecystojejunostomy is especially important; a 
contrast-enhanced evaluation of the biliary tree requires per- 
cutaneous transhepatic cholangiography or endoscopic chol- 
angiography, since a drainage catheter is not placed during 
surgery [5, 11, 15, 16]. In the adult recipient, biliary obstruc- 
tion detected by sonography or CT usually can be confirmed 
by T-tube cholangiography or, less often, endoscopic retro- 
grade cholangiography [2, 11, 15, 16]. 

Free intraperitoneal fluid and focal fluid collections were 
readily detected by CT. Hematoma formation is common 
during and after liver transplantation. Bleeding may occur 
in areas of extensive venous collateralization, at vascular 
anastomoses, or in the often extensively fibrotic right upper 
abdominal quadrant. Bleeding is often exaggerated by coag- 
ulation defects associated with chronic liver disease and 
extensive blood replacement during surgery. Eight acute he- 
matomas seen in seven patients were characterized on CT 
by their high-attenuation values. Other focal fluid collections, 
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bilomas, and seromas are also seen with relative frequency 
after hepatic transplantation. Only a few of these fluid accu- 
mulations represent sites of bacterial infection. Of interest, 
both bilomas in our series were infected and were seen in the 
setting of choledochocholedochostomy anastomoses. The 
discrepancy between the clinical frequency of septic compli- 
cations and the identification of a focus of infection may be 
explained by the high incidence of systemic rather than local- 
ized infections and by the disproportionately large percentage 
of viral and fungal infections in liver transplant patients [1-3]. 

In conclusion, CT supplements clinical, biochemical, bac- 
teriologic, and other radiologic data in the postoperative mon- 
itoring of liver transplant patients. In this series, abdominal 
CT provided useful anatomic information regarding the allo- 
graft parenchyma and detected vascular and biliary abnor- 
malities. CT identified hematomas and other fluid collections 
such as bilomas and seromas. Since the nature of many fluid 
collections is indeterminate with CT, directed fine-needle as- 
piration is necessary to establish a specific diagnosis. CT 
frequently provides evidence corroborated by sonography 
that reinforces the need for more invasive diagnostic or ther- 
apeutic procedures, such as angiography, percutaneous chol- 
angiography, or even abdominal exploration. CT is a nonin- 
vasive procedure that is pivotal in the evaluation of liver 
transplant recipients. 
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Accumulation of 
Technetium-99m Sulfur 
Colloid by Hepatocellular 
Adenoma: Scintigraphic- 
Pathologic Correlation 





It is currently believed that hepatocellular adenoma is photon deficient on technetium- 
99m sulfur colloid scintigraphy because these tumors lack Kupffer cells. In a retrospec- 
tive review of 13 pathologically proven cases of hepatocellular adenoma with techne- 
tium-99m sulfur colloid scintigrams, Kupffer cells were present in all 13 cases. We 
observed uptake of the radiocolloid by the hepatocellular adenoma in three cases (23%), 
and there were no histologic differences between the tumors with uptake and the ones 
without it. 

We conclude that the currently accepted reason for the lack of technetium-99m sulfur 
colloid uptake within hepatocellular adenoma is incorrect, and an explanation other than 
a lack of Kupffer cells is responsible for the photon-deficient appearance in the majority 
of cases of hepatocellular adenoma. Further, because hepatocellular adenoma may 
have technetium-99m sulfur colloid uptake in a significant percentage of cases, it should 
be added to focal nodular hyperplasia in the differential diagnosis of a hepatic mass 
with uptake by technetium-99m sulfur colloid. 


Hepatocellular adenoma (HCA) is a benign tumor of the liver that occurs almost 
exclusively in women of childbearing age [1-3]. Recent discussions of the imaging 
characteristics of HCA have stated that HCA never accumulates technetium-99m 
sulfur colloid (Tc-SC) because these tumors are said to lack Kupffer cells [4-6], 
which are believed to be responsible for concentrating the radioactive colloid used 
in liver scanning [7]. However, early reports described accumulation of activity by 
HCA on colloid scans of the liver [8-10]. Some of these reports have been criticized 
for classifying other benign liver tumors, especially focal nodular hyperplasia (FNH), 
as HCA [12]. 

A case of HCA that showed activity on a Tc-SC scintigram prompted the review 
of all cases of HCA with Tc-SC on file at the Armed Forces Institute of Pathology 
(AFIP). In particular, we studied the pattern of radionuclide uptake and the histologic 
composition of these tumors. 


Materials and Methods 


The records of 26 patients with HCA collected between 1970 and 1986 at the AFIPS were 
reviewed retrospectively. Age, gender, presenting symptoms or signs, and history of contra- 
ceptive steroid use were noted. 

Ten cases were excluded from our study because scintigraphic evaluation either was not 
available for review or was not performed as part of the patient's workup. Two patients with 
multiple tumors were excluded because only one tumor in each case was biopsied, and it 
could not be determined with certainty which tumor had been sampled. One case was 
excluded because of insufficient pathologic material. Thirteen of the 26 patients had satisfac- 
tory scintigraphic pathologic correlation and constitute the basis of the scintigraphic-pathologic 
review. 

One liver scan was obtained with a rectilinear scanner; the rest were generated by a 
gamma camera. Multiple views in different projections were obtained in every examination. 
The scintigrams were retrospectively analyzed by two of the authors for the presence or 
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Fig. 1.—Scintigram shows defect caused by 
hepatocellular adenoma. 

A, Static liver ®"Tc sulfur colloid scintigram. 
Large photon-deficient defect in right lobe of 
liver. Rim of activity medially results from com- 
pressed liver parenchyma. 

B, Hepatocellular adenoma with scintigraphic 


e aay x 
“Ad wo Er 
Hi iy . 


+ 
Ti | ? a . s e r 
A o! * se) » defect, stained by PAS after diastase digestion 
ot > 2 oi to show phagocytosed lipochrome pigment. 
/ ` 94%, Neoplastic hepatocytes are larger than normal 
wt ae Cee OA oa Ye ey liver cells and grow in sheets with compressed, 
i 7 “= ee! Be slitlike sinusoids. Dark-staining Kupffer cells (ar- 
Ai so TaS rows) can still be seen. 
& nae BO Oe 
Ss, © a2 et 
‘igh? ) Seer 
Gd a ee A 
> ‘ ie g” i 
At SYF N e IR 
t mak PF ' ko 
an E aie ES SA 
NSS 366 i088 5 
2 ps "7: ' +! sive) 
SrA oA ene Ve 





A 


absence of accumulation of radioactive colloid by the tumor, scinti- 
graphic tumor margins with normal liver, and tumor location. 

The pathologic material available for examination consisted of 
pathologic reports of the gross and microscopic findings, photo- 
graphs of gross specimen, and microscopic slides. Histologic material 
was reviewed by the other two authors. HCA was diagnosed when 
the tumor was a discrete mass composed primarily of sheets or 
cords of benign hepatocytes lacking lobular architecture. The material 
was reviewed in all cases to define a cause for the various scinti- 
graphic patterns. Particular attention was directed toward the pres- 
ence or absence of Kupffer cells in the tumor. Three cases in which 
paraffin blocks were available were stained for immunoreactive lyso- 
zyme by the peroxidase-antiperoxidase method to facilitate the de- 
tection of Kupffer cells. 


Results 


Twenty-five patients were women 13-46 years old (average 
age, 27 years). Historic information about the use of contra- 
ceptive steroids was available in 20 (77%). Fifteen (75%) had 
used contraceptive steroids. One patient was a 16-year-old 
boy with von Gierke’s disease. A total of 13 HCAs was found 
in our 13 patients who had satisfactory scintigraphic-patho- 
logic correlation. 

Eleven tumors were located in the right lobe: one was in 
the left lobe of the liver and one was attached to the right 
lobe of the liver by a thin vascular pedicle. Twelve tumors 
were resected. In one patient the diagnosis was made on the 
basis of a percutaneous biopsy. Tumor necrosis or hemor- 
rhage was noted in nine (75%) of the resected specimens at 
the time of the gross pathologic examination. Ten (77%) 
patients were symptomatic and had symptoms secondary to 
tumor rupture or right upper quadrant pain. The primary 
clinical presentation in three patients (23%) was an asymp- 
tomatic right upper quadrant mass. 

Ten tumors (77%) were seen as focal areas of photon 
deficiency (Fig. 1A). Nine tumors in this group had sharp, 
smooth margins on the Tc-SC scan and were homogeneously 
deficient. One tumor had irregular borders and areas of ac- 
cumulation of activity in its peripheral portion. The average 
tumor size in this group of patients was 12.7 cm (range, 
8-22 cm). Nine tumors were in the right lobe and one was in 
the left lobe of the liver. Eight of these tumors showed areas 


of necrosis or hemorrhage (extensive in five) at the time of 
gross pathologic examination. 

Three tumors (23%) had activity that was equal to or slightly 
less than that found in normal liver (Figs. 2A and 3). Scinti- 
graphic tumor margins in those tumors that abutted normal 
liver parenchyma were either not present or indistinct, the 
tumor fading imperceptibly with the normal liver. Average 
tumor size in these patients was 12.6 cm (range, 11-15 cm). 
Two tumors were located in the right lobe of the liver; one 
was attached to the right lobe by a thin vascular pedicle. 
Hemorrhage and necrosis were absent in two tumors. One 
tumor had areas of necrosis, hemorrhage, and scarring. The 
largest area of degeneration in this tumor measured 2.2 x 
1.2 x 1.0 cm. 

The tumors in both groups could be clearly distinguished 
from normal liver parenchyma at the time of surgery and at 
gross pathologic inspection. 

Histologic features of the tumors and of the hepatic paren- 
chyma surrounding the 12 resected tumors are summarized 
in Table 1. There were no consistent histologic differences 
between those tumors that appeared as a scintigraphic defect 
and those that showed uptake. Although the number of cases 
is too small for statistical analysis, the cases with uptake 
appeared more likely to have some degree of sinusoidal 
dilatation (Fig. 2B) and extramedullary hematopoiesis than did 
the cases without uptake (Fig. 1B). 

Special attention was paid to the Kupffer cells in the tumors. 
Plump sinusoidal lining cells consistent with Kupffer cells were 
present in the viable areas of all tumors (Figs. 1B and 2B). 
They were about equal in number to the Kupffer cells in the 
normal liver in the two cases with uptake and in six of the 10 
cases with defects. The other four cases appeared to have 
fewer Kupffer cells than normal liver has. Lipofuscin pigment, 
evidence of phagocytosis by the Kupffer cells, was noted in 
one of the cases with uptake and seven of the 10 cases with 
defects. Lysozyme-containing Kupffer cells were easily iden- 
tified in the two specimens stained for immunoreactive lyso- 
zyme and were easily distinguished from neutrophils, which 
also contain lysozyme (Fig. 2C). One specimen had uptake 
on scintigraphy; it showed about the same number of lyso- 
zyme-positive cells as the adjacent nonneoplastic liver. The 
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Fig. 2.—Scintigram shows uptake in hepatocellular adenoma. 


SCINTIGRAPHY IN HEPATOCELLULAR ADENOMA 
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A, Static liver "Tc sulfur colloid scintigram. Pedunculated tumor accumulates sulfur colloid. 
B, Hepatocellular adenoma with uptake of colloid. Prominent endothelial and Kupffer cells line dilated sinusoids. (H and E) 
C, Same tumor stained for lysozyme by peroxidase-antiperoxidase technique. Dark-staining Kupffer cells (arrows) lining dilated sinusoids are easily 


identified by this method (hematoxylin counterstain). 





Fig. 3.—Scintigram shows uptake in hepatocel- 
lular adenoma. Static liver scintigram. Tumor has 
accumulated sulfur colloid. Photon-deficient de- 
fect in tumor probably corresponds to region of 
degeneration observed grossly. 


TABLE 1: Histologic Features of Hepatocellular Adenomas 
RS AF a 


No. of Cases 


Uptake Defect 
(n = 10) 


Feature 


Fat 2 
Sinusoidal dilatation 2 
Peliosis 0 
Extramedullary hematopoiesis 2 
Necrosis, gross 1 
Kupffer cells (relative to nor- 
mal liver): 

About the same 2 6 

Less 0 4 

Phagocytosis 1 7 


SS nt OEE SMO ST aes A EEO RE eR La SPEER: | 


ofr on 


other specimen had a defect on scintigraphy and showed 
about one-half as many lysozyme-positive Kupffer cells as did 
the adjacent liver. 


Discussion 


The pathologic characteristics of HCA are central to under- 
standing the scintigraphic characteristics of these tumors. 
HCAs are well circumscribed and have a partial or complete 
capsule. Though Kupffer cells are said to be rare or absent 
[6, 13], our experience indicates that plump, polygonal 
Kuppfer cells can always be identified, and that these some- 
times contain phagocytosed material (Figs. 1B and 2C). No 
mitosis or vascular invasion is present, and cytologic atypia 
is minimal [3]. 

Considering the pathologic characteristics of HCA the dem- 
onstration of a warm lesion on a Tc-SC scan is not surprising. 
Interestingly, HCA was listed as a rare cause of focal in- 
creased uptake on liver-spleen scans in a recently published 
text on nuclear medicine [14]. 

Before the report that stated that absence of Kupffer cells 
was a Criterion for the diagnosis of HCA [6], there were case 
reports describing accumulation of radionuclide by these tu- 
mors [8-11]. Subsequent articles characterized HCA as al- 
ways photopenic on the liver-spleen scan, on the basis of the 
assumption that HCAs lack Kupffer cells [4, 5, 15, 16]. This 
has not been our experience, since every HCA we examined 
contained Kupffer cells (Figs. 1B and 2C and Table 1). Indeed, 
by using morphometric quantitation, we have found that while 
some HCAs have fewer Kupffer cells than normal liver has, 
others may have as many or even more than normal paren- 
chyma [17]. This raises the question as to why lesions that 
contain Kupffer cells should have decreased or absent activity 
on Tc-SC scans. 
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Several factors may be responsible for the diminished up- 
take of most HCAs: (1) decreased number of Kupffer cells in 
some tumors (Table 1), (2) altered blood flow, and (3) abnor- 
mal phagocytic activity of the Kupffer cells. 

The areas of infarction and necrosis within HCAs clearly 
have no uptake. The viable areas of tumors have a blood 
supply that differs from normal liver, since HCAs have no 
portal tracts and the vascularization is from arteries that enter 
peripherally. Furthermore, the sinusoids of most adenomas 
are very narrow and, therefore the blood flow is reduced. It 
is of interest that the three adenomas with uptake had rela- 
tively dilated sinusoids, which could let the blood circulate 
more readily. 

The phagocytic activity of Kupffer cells in HCA could be 
affected by a variety of factors [7, 18]. One of these may be 
the lack of portal blood supply. Kupffer cells in normal liver 
tend to be concentrated and more active near the portal tracts 
[19], where they can perform their phagocytic function of 
clearing various substances (for example, bacterial antigens 
and drugs) that have greater concentrations in the portal 
venous blood. It is possible that the Kupffer cells present in 
HCAs do not phagocytose particulate matter as readily as do 
those in normal liver. At the present time, however, the exact 
reason why most HCAs appear as scintigraphic defects re- 
mains speculative. 

The diagnosis of HCA has important clinical implications. 
These tumors are associated with definite morbidity and 
mortality because of their tendency to undergo infarction, 
necrosis, and rupture [3, 4, 12, 15]. There is also a rare 
possibility of malignant degeneration to hepatocellular carci- 
noma [20]. 

Our data demonstrate that the accumulation of activity 
equal to or slightly less than normal liver by a lesion on a 
sulfur colloid liver scan cannot be used to exclude the diag- 
nosis of HCA. None of the cases in our series demonstrated 
hyperconcentration of radiocolloid, and this may be a specific 
finding in focal nodular hyperplasia [16]. In many patients, 
liver biopsy will still be required for a definitive diagnosis. 

In summary, HCA contains Kupffer cells and may demon- 
Strate accumulation of activity on Tc-SC scans of the liver. 
Therefore, the currently accepted reason for the lack of Tc- 
SC uptake within HCA is incorrect, and an explanation other 
than lack of Kupffer cells is responsible for the photon- 
deficient appearance in most cases of HCA. Further, because 
a significant percentage of HCA may have Tc-SC uptake, 
HCA should be added to focal nodular hyperplasia in the 
differential diagnosis of a hepatic mass with uptake by Tc-SC. 
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The Correlation Between MR 
and Angiography in Portal 
Hypertension 


William E. Torres' Forty-two MR examinations and hepatic panangiograms in 38 patients with portal 
Gregg M. Gaylord hypertension were correlated with MR images to determine the ability of MR to detect 
Lelan Whitmire portal vein hemodynamics. These studies were prospectively analyzed for (1) degree 
Vincent P. Chuang of portal perfusion and direction of flow, (2) portal vein thrombosis, and (3) presence 
Michael E. Bernardino and type of shunt surgery. Thirty-three MR examinations were determined to have grade 
i | (good) or Il (fair) portal blood flow. Twenty-nine of these were grade | or Il by 
angiography; the other four were grade IV. Of the eight cases documented as grade IV 
(hepatofugal portal blood flow) by angiography, none were considered grade IV by MR, 
suggesting that MR was unable to detect retrograde flow. The other case was not 
graded because of cavernous transformation of the portal vein. MR correlated well with 
angiography for the detection or absence of portal vein thrombus, agreeing with 
angiography in 41 of 42 cases. Two angiographically proven cases of portal vein 
thrombosis were correctly identified on MR. MR correctly identified the absence of portal 
vein clot in 39 of 40 angiographically negative cases. MR and angiography also agreed 
in 41 of 42 cases that a shunt was either present/absent or patent/occluded. The single 

error was due to inadequate MR scanning in the region of interest. 
The results show that MR cannot be used to grade blood flow in the portal vein. 
However, MR accurately detects portal vein thrombosis and the patency of surgical 

shunts. 





Patients with upper gastrointestinal bleeding from portal hypertension can be 
treated by endoscopic sclerotherapy or with a portosystemic shunt [1, 2]. Although 
CT has a role [3-5], angiography remains the primary diagnostic tool in the 
evaluation of the hemodynamics of portal hypertension before and after selective 
shunt surgery. MR shows promise in the detection of varices and determination of 
shunt patency [6, 7]. However, its ability to determine portal hepatic blood perfusion 
has not been demonstrated. The purpose of this study was to evaluate the ability 
of MR to grade portal blood flow, determine shunt patency, and detect portal vein 
abnormalities such as thrombosis and cavernous transformation. 


Materials and Methods 


Forty-two MR examinations and angiograms in 38 patients with portal hypertension form 
the basis of this study. The patients were chosen from a larger group with portal hypertension 
on the basis of having had both MR and angiographic studies. Four patients had repeat 
angiography and MR because of variceal bleeding. There were 14 women and 24 men. The 
average number of days between MR and angiography was 2.2 (range, 0-11). Portal 

l hypertension was documented by the clinical picture, endoscopy, liver function tests, and 
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At our institution, the panangiographic evaluation of patients with 
suspected or known portal hypertension includes superior mesenteric 
and splenic ateriography; wedge hepatic venography; left renal ven- 
ography; and manometric recordings of wedge hepatic vein, free 
hepatic vein, right atrium, high and low inferior vena cava, and left 
renal vein. The goals of these studies are to stage the degree of 
portal hypertension and determine if the patient is a candidate for 
shunt surgery [8]. The primary goal is not detection of varices. In 
postshunt patients, the angiographic evaluation is modified. While 
angiography is not considered quantitative, it allows assessment of 
whether antegrade portal perfusion is good, moderate, poor, or lost 
[1]. 

The angiographic grading system used for hepatic portal flow [2] 
is widely accepted: grade I—good hepatopetal flow with visualization 
of portal vein branches to the hepatic periphery; grade II—fair hepa- 
topetal flow with visualization of tertiary branches; grade IlI—poor 
hepatopetal flow, only visualized in the main portal vein + primary 
branches; and grade |V—hepatofugal flow, that is, nonvisualization 
of the portal vein on the superior mesenteric artery injection with 
reversal of flow on hepatic wedge venography. 

The portal vein and its branches to the liver periphery can be 
identified on MR studies in normal individuals. In patients with portal 
hypertension, vessels cannot always be traced to the hepatic periph- 
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ery on MR. Therefore, we tried to apply the same anatomic criteria 
to MR as has been used in angiography. We attempted to determine 
if, in fact, the angiographic grading system detailed above could be 
used for MR and if blood flow could be determined by the degree to 
which portal venous branches could be imaged. The grading system 
used for MR was as follows: grade |—visualization of portal vein 
branches to the hepatic periphery, grade |II—visualization of tertiary 
branches, grade !I|—visualization of the main portal vein and primary 
branches, and grade |!V—visualization of the main portal vein only. 

A 1.5-T Philips superconducting MR unit operating at 0.5 T was 
used. Spin-echo sequences were obtained in the axial plane in all 
patients with echo time (TE) = 30/60 msec and repetition time (TR) 
= 900-2000 msec, four measurements, 256 x 256 acquisition, 10- 
mm slice thickness, and sections every 12-15 mm. Coronal and 
sagittal images were obtained depending on the type of shunt with 
TE = 30 msec and TR = 700 msec. 


Results 


Twenty-six cases were identified by angiography as grade 
| (Fig. 1); MR graded eight of the 26 cases as grade |, 15 as 
grade Il, and three as grade Ill. Six were classified as grade 


Fig. 1.—Portal hypertension with 
grade | portal flow by MR and angiog- 
raphy. 

A, MR axial scan, SE 30/900. Ves- 
sels extend to liver periphery (solid ar- 
row) (grade |). Note small liver, ascites 
(open arrows), and mild splenomegaly. 

B, Portal phase of superior mesen- 
teric artery injection shows patent por- 
tal vein (arrows) with branches extend- 
ing to periphery of liver (grade 1). Also 
noted are extensive coronary varices 
(small arrows). 


Fig. 2.—Portal hypertension with 
grade | portal flow by MR and grade IV 
portal flow by angiography. 

A, MR axial scan, SE 30/900, shows 
portal vessels almost to edge of liver 
(grade |) (arrow). 

B, Portal phase of superior mesen- 
teric artery injection shows only proxi- 
mal portal vein (arrowhead) (grade IV 
flow). Note enlarged coronary varices 
(arrows). Hepatic wedge injection 
showed a patent portal vein with retro- 
grade flow. 
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Fig. 3.—Known portal hypertension 
and cavernous transformation of portal 
vein. 

A, MR axial scan, SE 30/900, shows 
tortuous portal vessels (arrows) con- 
sistent with cavernous transformation 
of portal vein. 

B, Portal phase from superior mes- 
enteric artery injection shows exten- 
sive varices in porta hepatis (arrows) 
as well as throughout abdomen. 





A 


ll by angiography; MR graded two of these as grade II and (25 distal splenorenal, one mesoatrial, one mesocaval). MR 
four as grade |. One case was identified as grade III by both and angiography agreed on the presence or absence of a 
angiography and MR. Eight cases were grade IV by angio- portosystemic shunt in 41 of 42 cases (Fig. 5). In one MR 
gram; none were grade IV by MR (Fig. 2). In cases that were study, a distal splenorenal shunt was not detected because 
grade IV angiographically, MR graded three as grade |, one the anatomic region of the shunt was not included in the 
as grade Il, and four as grade Ill. One case of cavernous study. 

transformation of the portal vein could not be graded by 


angiography or MR. Di ; 
If grades | and Il are considered together, MR agreed with EEST 
angiography in 29 of 33 cases. In the other four cases (grade Distal splenorenal shunt has been widely accepted as the 


IV angiographically), MR called three grade | and one grade procedure for selective variceal decompression to control 
ll. In grade Ill, MR and angiography agreed in the one case. bleeding in patients with portal hypertension. An important 
In grade IV, there were eight false-negative MR studies. MR component of this operation is to preserve portal venous 
was unable to detect retrograde flow in the main portal vein. perfusion and liver cell function. Portal flow is better evaluated 

MR and angiography each detected two cases of cavern- by arterial portography than by wedge hepatic venography. 
ous transformation of the portal vein (Fig. 3). Both detected Thus, a grading system based on the mesenteric arteriogram 
portal vein clot in two patients (Fig. 4). MR showed the as described earlier has been adopted to evaluate portal 


absence of portal vein clot in 39 of 40 cases. One false- venous flow and predict patient outcome [1, 2]. 
positive MR examination was caused by misinterpretation of Historically, angiography has been the gold standard in the 
slow flow. evaluation of patients with portal hypertension both before 


Twenty-seven of the 42 cases had portosystemic shunts and after surgical decompressive procedures. CT has been 


Fig. 4.—Portal hypertension with 
portal vein thrombosis by MR and an- 
giography. 

A, MR axial scan, SE 30/900, shows 
clot in portal vein (arrows). Note en- 
larged spleen. 

B, Portal phase of superior mesen- 
teric artery injection shows portion of 
clot in proximal portal vein (arrow). 
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used to obtain liver and spleen volumetric measurements but 
has not been useful otherwise. Recent reports have explored 
the use of CT in the evaluation of varices in patients with 
portal hypertension [3, 4]. MR may be valuable in the evalu- 
ation of patients with portal hypertension since it can, unlike 
CT, image patients easily in axial, coronal, and sagittal planes. 
Also, because of the inherent contrast in MR images between 
soft tissue and flowing blood, MR is able to evaluate flow in 
major abdominal vessels [9-12]. Previous reports have 
shown the ability of MR to determine the patency of the portal 
venous system, assess portosystemic collaterals, and evalu- 
ate the presence and patency of portosystemic shunts 
[6, 7]. However, this anatomic information is only part of the 
data needed in the evaluation and follow-up of the portal 
hypertensive patient. Information concerning the degree of 
hepatopetal portal blood flow is vitally important. 

In this study, MR was able to grade portal flow accurately 
in the vast majority of cases that were grade | or Il. However, 
MR did poorly in the evaluation of grade-lll and grade-IV portal 
flow. MR is able to detect the portal veins when they are 
patent both centrally and peripherally, even though the direc- 
tion of flow is reversed. Our data suggest that MR is able to 
accurately determine neither grade-lll and grade-IV portal flow 
nor the direction of flow. A possible explanation for reversed 
portal flow in grade-lll and grade-IlV patients is that the 
peripheral portal vessels may be fed by arterioportal shunting. 
This may be the cause of the false blood flow grading by MR. 

Portal vein thrombosis can be detected on MR. In all but 
one case, MR and angiography were in agreement. The one 
discrepancy was due to misinterpretation of slow flow on MR. 
Slow or turbulent flow gives a high-intensity signal on MR 
that might be mistaken for clot within a vessel. However, slow 
flow can be differentiated from venous thrombosis by meas- 
uring the signal intensity on the second-echo images. The 
intensity of the signal from thrombosis decreases on second- 
echo images [12]. This false-positive examination was early 
in our experience, and the intensity of the second echo was 
not measured. 

Portosystemic shunts can be shown easily by MR [6, 7]. 
Shunt appearance is similar to that produced by angiography; 
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Fig. 5.—Status post-distal spleno- 
renal shunt. 

A, MR axial scan, SE 30/900, shows 
patent distal splenorenal shunt. Inferior 
vena cava (arrowhead), left renal vein 
(Open arrow), and splenic vein (curved 
arrow). 

B, MR coronal scan, SE 30/700, 
shows patent anastomosis of distal 
splenorenal shunt. Left renal vein 
(straight arrow) and splenic vein 
(curved arrow). Shunt study via femoral 
vein showed patent distal splenorenal 
shunt. 


images obtained in the coronal plane are similar to frontal 
angiograms. Distal splenorenal shunts, the type most often 
performed at our institution, are easily seen on coronal and 
axial scans. Sagittal imaging is extremely useful in shunts 
oriented 90° to the coronal plane (i.e., mesoatrial or portoca- 
val). In our study, MR and angiography agreed in 41 of 42 
cases that a shunt was either present or absent. The one 
error was due to inadequate MR scanning of the area of 
interest. Thus, for shunt detection and for imaging patency, 
MR is reliable and accurate. However, pressure measure- 
ments are needed to exclude shunt stenosis for complete 
shunt evaluation. 
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Commentary 





Emerging Technologies for the Diagnosis of Portal 


Hypertension 


Manuel Viamonte, Jr." 


In the preceding article, Torres et al. [1] correlated the 
results of 42 MR examinations and angiograms in 38 patients 
with portal hypertension. Special attention was given to the 
analysis of portal vein hemodynamics (degree of portal per- 
fusion and direction of flow), the detection of portal vein 
thrombosis, and evaluation of surgically constructed porto- 
systemic shunts. The authors conclude that for morphologic 
confirmation of portal hypertension (i.e., detection of porto- 
systemic collaterals), MR is quite suitable, practical, and de- 
sirable. MR is unable to provide satisfactory grading of portal 
blood flow, but has two distinct advantages compared with 
angiography. Without an invasive procedure, MR can show 
(1) patency of a surgically constructed portosystemic shunt 
and (2) thrombosis in the portal vein and its tributaries. 

The emerging technologies for the assessment of portal 
hypertension include sonography, real-time and two-dimen- 
sional Doppler ultrasound, scintigraphy, dynamic CT scan- 
ning, and MR imaging [2]. Sonography is informative and 
cost-effective in determining morphologic changes of the liver, 
patterns of portal blood flow, the presence of ascites, and, 
most importantly, the presence and location of portosystemic 
collaterals [3]. Thrombi in the portal system and the Budd- 
Chiari syndrome can be detected accurately by sonography 
[4]. Recently, color-flow Doppler sonography has emerged as 
a new technique for doing flow studies (direction, velocity, 
and volume) [5]. This technique offers the potential for simul- 
taneous evaluation of entire organs, portal veins, and hepatic 
arteries. Although scintigraphy is valuable for the study of 
patients with upper gastrointestinal hemorrhage, it has been 
replaced by sonography and CT. Dynamic CT scanning is 
used in both preoperative and postoperative studies of the 
portal system. Clarification of masses (varices vs nonvascular 
tumors) is readily accomplished by contrast-enhanced CT. 
The patency of surgical shunts and thrombosis of major 
vessels can be detected. 

Most recently, as indicated by Torres et al. [1], MR imaging 
has been used to detect portal vein thrombosis, to show 
portosystemic collaterals, and to determine the direction and 
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magnitude of portal blood flow. MR has not proved satisfac- 
tory for grading portal blood flow. Future MR techniques may 
improve the ability of MR to grade portal blood flow. 

Both Doppler sonography and MR imaging may antiquate 
present angiographic techniques for evaluating the severity 
of portal hypertension. However, angiographic techniques are 
still important in the treatment of hepatoma and some bleed- 
ing complications. 

| believe that noninvasive imaging techniques are most 
valuable in the initial workup of a patient suspected of having 
portal hypertension, particularly as elective studies in patients 
who have had gastrointestinal bleeding. As with other vas- 
cular territories, the role of angiography is becoming limited 
as it is replaced by noninvasive imaging techniques [6]. After 
failure of medical treatment and endoscopic variceal sclero- 
therapy for variceal bleeding, there remains a small percent- 
age of acutely bleeding patients who will benefit from the use 
of angiographic techniques (e.g., embolotherapy). 

The greatest promise of MR imaging lies in its ability (1) to 
supplement morphologic information with data necessary to 
assess the prognosis of the condition and (2) to detect the 
complications of surgery. 
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Case Report 





Choledocholithiasis: Successful Treatment with 


Extracorporeal Lithotripsy 


David W. Gelfand,’ David L. McCullough,” Richard T. Myers,° Vincent J. D’Sousa,'’ Laurence B. Leinbach,' and 


Kirk B. Faust® 


A recent paper by Sauerbruch et al. [1] indicated that 
extracorporeal shock-wave lithotripsy can be used for the 
treatment of biliary tract calculi. We report the radiologic 
considerations in treating two cases of common hepatic duct 
calculus with this procedure by using an unmodified Dornier 
urological lithotripter. Results suggest that extracorporeal 
shock-wave lithotripsy of common duct calculi by means of 
the urological lithotripter is practical in appropriate circum- 
stances. 


Case Reports 
Case 1 


A 54-year-old man was referred 7 weeks after cholecystectomy 
for extraction of a spherical common hepatic duct calculus 1.5-cm in 
diameter (Fig. 1A). Attempts at extraction through the existing T-tube 
tract by means of a Dormia basket and Mazzariello-Caprini forceps 
were unsuccessful. Endoscopic sphincterotomy could not be per- 
formed because a periampullary duodenal diverticulum was present. 
A Dornier urological lithotripter was used to administer 1500 shocks, 
which partially fragmented the stone and reduced it to a 1.0 x 1.2 
cm trapezoidal fragment (Fig. 1B). Before extracorporeal shock-wave 
lithotripsy, the ampulla of Vater was dilated with a 24-French Gruntzig 
catheter to allow passage of fragments. Also, cholangiography was 
performed via a catheter in the T-tube tract, and films were taken at 
both lateral 45° angles to the vertical, duplicating the alignment of 
the image amplifiers of the Dornier lithotripter. During lithotripsy, 
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injections of contrast material and biplanar fluoroscopy were used to 
maintain alignment. After lithotripsy, an Olympus fiberoptic cysto- 
scope was inserted through the T-tube tract. The remaining large 
fragment was visualized directly, but it had migrated into the orifice 
of the left hepatic duct. The internal cholesterol crystals of the calculus 
fragment were visible, confirming its fragmentation by extracorporeal 
shock-wave lithotripsy. A Fogarty catheter inserted into the irrigation 
channel of the cystoscope was used to manipulate the fragment out 
of the left hepatic duct. The fragment was friable and was crushed 
by using a wire grasper. The resulting debris was pushed through 
the ampulla into the duodenal lumen by means of the cystoscope. 
Visual inspection via the cystoscope and contrast cholangiography 
showed that the biliary tract was free of fragments. 


Case 2 


A 74-year-old woman was referred for extraction of a common bile 
duct stone 1.2 cm in diameter (Fig. 2A). Cholecystectomy had been 
performed 12 years earlier. Endoscopic sphincterotomy was pre- 
cluded by the presence of a periampullary duodenal diverticulum. 
Before extracorporeal shock-wave lithotripsy, a catheter was inserted 
percutaneously into the common bile duct via the left hepatic duct. 
Cholangiography was performed, and 45° laterally angulated align- 
ment films were obtained. The Dornier urological lithotripter was used 
to administer 1500 shocks to the calculus. During lithotripsy, fluoros- 
copy and injections of contrast material via the catheter were used 
to maintain alignment, and complete fragmentation of the stone was 
noted. Approximately 1 hr after lithotripsy, cholangiography was 
performed again and showed large filling defects in the common bile 
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duct that were thought to be blood clots (Fig. 2B). The ampulla of 
Vater was dilated with high-pressure balloon catheters 1.0 and 1.5 
cm in diameter until obvious widening of the ampulla was visible. 
Four days after lithotripsy, cholangiography showed the common 
duct was clear of all stone fragments and blood clots. 
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Fig. 1.—Case 1. 

A, Cholangiogram shows a postoperatively 
retained 1.5-cm spherical calculus (arrow) in 
common hepatic duct before extracorporeal 
shock-wave lithotripsy. 

B, After lithotripsy, stone is reduced to an 
angular fragment (arrow) 1.0 x 1.2 cm lying in 
orifice of left hepatic duct. Duct was clear after 
mechanical removal of fragment. 


Fig. 2.—Case 2. 

A, Cholangiogram shows a 1.3-cm spherical 
calculus (arrow) in common hepatic duct. 

B. One hour after extracorporeal shock-wave 
lithotripsy, stone has been fragmented com- 
pletely, but a large filling defect thought to be a 
blood clot is visible in duct. Four days later, after 
balloon dilatation of ampulla of Vater, duct sys- 
tem was clear of stone fragments and blood clot. 


The recent report of Sauerbruch et al. [1] established that 
extracorporeal lithotripsy could be used to fragment gallblad- 
der and biliary tract calculi. After lithotripsy, the stone frag- 
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ments were allowed to pass spontaneously through the am- 
pulla of Vater (the patients previously had undergone sphinc- 
terotomy). The report suggested that the majority of patients 
with biliary tract calculi could be treated successfully by this 
means. 

In treating their patients, Sauerbruch et al. [1] used a 
fluoroscopically guided urological lithotripter. In our cases, an 
unmodified urological lithotripter was also used with a pos- 
terior approach to the common duct, which lies in approxi- 
mately the midplane of the body. In both of our patients, the 
13-cm focal length of the urological lithotripter was adequate 
to reach calculi in the common hepatic duct. 

Fragmentation of a common duct calculus by means of the 
Dornier urological lithotripter requires that the duct be opaci- 
fied so the shock waves can be focused fluoroscopically on 
the calculus during lithotripsy. Opacification of the common 
duct was achieved in our first case by using an existing 
T-tube tract and in the second case by using a catheter 
inserted transhepatically via the left hepatic duct into the 
common duct. An alternative method of opacifying the com- 
mon duct in the absence of an existing indwelling catheter is 
endoscopic nasobiliary catheterization. Although nasobiliary 
catheterization as used by Sauerbruch et al. [1] is less trau- 
matic, we elected to use percutaneous catheterization in our 
second case because of the several options that become 
available once the catheter is in place. These potentially 
include exchanges of catheters, balloon dilatation of the 
sphincter, dilatation of the cutaneobiliary tract, and the ability 
to use fiberoptic endoscopy for manipulation of stone frag- 
ments if necessary. 

As an aid to maintaining alignment during lithotripsy, chol- 
angiography was performed beforehand, and films were taken 
at both lateral 45° angles from the vertical in a manner 
duplicating the geometry of the lithotripter’s biplane fluoro- 
scopes. In our first case, this was crucial because contrast 
material entering the duodenum intermittently obscured the 
image of the calculus during lithotripsy. However, the 45° 
films allowed us to maintain alignment by focusing on surgical 
clips immediately adjacent to the calculus (Fig. 1A). 

Endoscopic sphincterotomy, as used by Sauerbruch et al. 
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[1], was precluded in both of our patients by the presence of 
duodenal diverticula at the ampullae of Vater. Instead, balloon 
catheters were used to dilate the ampullae to allow stone 
fragments to pass. When the fluoroscopically aligned urolog- 
ical lithotripter is used, sphincterotomy or balloon dilatation of 
the ampulla should, in our opinion, be performed immediately 
after extracorporeal shock-wave lithotripsy. In our first case, 
its performance before lithotripsy allowed contrast material 
injected during lithotripsy to flow freely into the duodenum, 
obscuring the calculus, and we think that the incomplete 
fragmentation of the calculus was due to difficulty in seeing 
the stone and maintaining alignment fluoroscopically. Preserv- 
ing a normal ampulla during extracorporeal shock-wave lith- 
otripsy allows more precise opacification of the common duct 
and prevents flooding of the duodenum with contrast material. 

Recent developments in the nonsurgical therapy of gall- 
bladder and common duct calculi suggest that we are ap- 
proaching an era in which biliary tract calculi increasingly may 
be treated without laparotomy. These developments include 
electrohydraulic fragmentation of common duct stones [2], 
biliary tract extracorporeal shock-wave lithotripsy [1], endo- 
scopic sphincterotomy, biliary tract endoscopy, percutaneous 
catheterization of the gallbladder and biliary ducts [3, 4], 
dissolution of calculi with methyl tert-butyl ether [5], and 
physical fragmentation and extraction of calculi [4]. Consid- 
erable experience will be needed to determine the techniques 
most applicable to the common presentations of biliary calculi. 
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Thickness of the Gallbladder 
Wall in Patients with 
Hypoalbuminemia: 

A Sonographic Study of Patients 

on Peritoneal Dialysis 





Thickening of the gallbladder wall in patients with ascites has been attributed not to 
the presence of ascites but to the associated hypoalbuminemia. The contribution of 
hypoalbuminemia was examined by sonographically measuring the thickness of the 
gallbladder wall in 12 patients with chronic renal failure who were on peritoneal dialysis. 
All patients had hypoalbuminemia, with serum albumin levels of 2.2-3.3 g/d! (normal 
range, 3.5-5.0 g/dl). In all patients, the thickness of the gallbladder wall was within the 
normal range of less than 3 mm. In the patients studied, hypoalbuminemia was not a 
cause of thickening of the gallbladder wall even when peritoneal fluid was present. 


Thickening of the gallbladder wall has been observed in patients with gallbladder 
disease, ascites, hypoalbuminemia, hepatitis, right-sided heart failure, renal disease, 
and systemic venous hypertension [1-10]. Recent papers have ascribed this 
thickening in patients with ascites not to the ascites proper but rather to the 
associated hypoalbuminemia [4-7, 9, 10]. To clarify this problem, we measured 
the thickness of the gallbladder wall sonographically in 12 patients who were 
permanently on peritoneal dialysis, all of whom had depressed levels of serum 
albumin. 


Subjects and Methods 


The study group consisted of eight men and four women who were permanently on 
peritoneal dialysis because of chronic renal failure. Their age range was 32-73 years (mean, 
53). Causes of renal failure were membranous nephropathy (one), diabetic glomeruloscierosis 
(one), cortical necrosis (one), nephrolithiasis (one), membranoproliferative glomerulonephritis 
(one), retroperitoneal fibrosis (one), and unknown (six). 

Five patients were on continuous ambulatory peritoneal dialysis, and seven were on 
intermittent peritoneal dialysis. Patients on continuous ambulatory peritoneal dialysis ex- 
changed the dialysate themselves every 6-8 hr. Patients on intermittent peritoneal dialysis 
were admitted to the hospital twice weekly and had fluid exchanges hourly for 24 hr. The 
amount of fluid at each exchange was 2 |. The osmolality of the dialysate was approximately 
366 mosm/I. 

Patients were examined after they had fasted overnight. All measurements were obtained 
when the peritoneal cavity was filled with dialysate. No patient had a history of gallbladder 
disease, but in one patient, an asymptomatic gallstone was discovered incidentally. None of 
the patients had known liver disease. The length of time that patients had been on peritoneal 
dialysis varied from 4 months to 3 years, and each patient had had at least one episode of 
peritonitis during treatment. Serum levels of albumin were determined within 1 to 3 weeks of 
the measurements of the thickness of the gallbladder wall. 

Sonography was performed with an ESI (Electronic Sound Imager) 1001 sector scanner 
(Elscint Ltd., Haifa, Israel). Thicknesses were measured on magnification views by means of 
electronic calipers with an accuracy of 0.1 mm (Fig. 1). Transducers of 5 MHz (diameter, 13 
mm) and 3.5 MHz (diameter, 19 mm) were used. To avoid artifactual thickening [6], we 
endeavored to make the measurements through the long axis of the gallbladder perpendicular 
to the beam [4, 7, 8]. Up to 20 measurements were taken from several points in each case, 
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Fig. 1.—Magnification view of gallbladder surrounded by peritoneal 
fluid. Gallbladder thickness is 1.8 mm at white arrow, 2.0 mm at curved 
black arrow, 2.5 mm at black arrow, 2.2 mm at open arrow, and 2.2 mm at 
curved white arrow. 


and the average was calculated for every patient. The most accurate 
measurements were obtained when the gallbladder wall was meas- 
ured between two layers of fluid, namely, bile and peritoneal fluid. If 
so measured, no appreciable difference was found between the 
thicknesses of the anterior or posterior wall, nor was there a differ- 
ence whether the gallbladder was measured through the long or the 
short axis. 


Results 


All 12 patients had hypoalbuminemia; serum levels of al- 
bumin were 2.2-3.3 g/dl (normal range, 3.5-5.0 g/dl). Thick- 
ness of the gallbladder walls ranged from 1.7 to 2.8 mm. 
Thickness of the gallbladder wall is considered normal if it is 
less than 3 mm [4, 6, 7, 10]. In all patients, thickness was 
less than 3 mm and therefore was considered normal. 


Discussion 


A strong association has been reported between hypoal- 
buminemia, ascites, and thickened gallbladder walls [7]. In all 
series, however, additional factors were associated with the 
hypoalbuminemia, such as liver disease, increased portal 
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pressure, or systemic venous hypertension [4, 5, 7-10]. In 
one series only, 12 out of 48 patients with normal gallbladder 
walls had moderate hypoalbuminemia [4]. The hypothesis 
advanced for the cause of thickening of the gallbladder wall 
in patients with hypoalbuminemia is edema of the wall due to 
reduced plasma oncotic pressure and increased portal pres- 
sure [7]. 

All the patients included in our series had hypoalbuminemia. 
All were examined when fluid was present in the peritoneal 
cavity, and all had gallbladder walls of normal thickness, less 
than 3 mm. None had known liver disease, portal hyperten- 
sion, or congestive heart failure. There was no correlation 
between thickness of the gallbladder wall and serum levels of 
albumin. 

Although the osmolality of the dialysate used in peritoneal 
dialysis is high, it is nearly isotonic with the serum in the 
patient with uremia. The serum osmolality of most patients 
with uremia generally ranges from 320 to 370 mosm/I, and 
therefore these solutions will not result in any major shift of 
water between extracellular fluid and dialysate. In this respect 
dialysate is similar to ascitic transudate, which is also isotonic 
with the serum of the specific patient. 

Thickness of the gallbladder wall was normal in all our 
patients even though they had fluid in the peritoneal cavity 
and hypoalbuminemia. These findings suggest that the thick- 
ened gallbladder walls reported previously cannot be ascribed 
to either of these factors. 
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Case Report 





Multiseptate Gallbladder: Incidental Diagnosis on 
Sonography 


Anna S. Lev-Toaff,’ Arnold C. Friedman, Steve N. Rindsberg, Dina F. Caroline, Alan H. Maurer, and 


Paul D. Radecki 


The multiseptate gallbladder is one of the rarest congenital 
malformations of the gallbladder. The first detailed description 
of a multiseptate gallbladder appeared in the radiologic liter- 
ature in 1963 [1], and since then only 15 cases have been 
reported in the world literature [2-5]. Except for a recent case 
report of a child with a multiseptate gallbladder coexisting 
with a choledochal cyst [5], there have been no reports on 
the sonographic appearance of this entity. We present two 
cases of incidentally discovered multiseptate gallbladder in 
which the diagnosis was first made by sonography. Unlike 
previously reported cases, there were no biliary symptoms 
and no cholelithiasis. Our cases illustrate the diagnostic find- 
ings on sonography in this rare entity. 


Case Reports 
Case 1 


A 30-year-old black man was examined for alcoholic pancreatitis. 
On sonographic examination the gallbladder showed multiple fine 
septations projecting into the lumen and arising perpendicularly from 
the wall of the gallbladder (Fig. 1). There was no evidence of gallblad- 
der wall thickening or cholelithiasis. The appearance was suggestive 
of a multiseptate gallbladder. An oral cholecystogram showed a 
normal-size well-opacified gallbladder and multiple radiolucent septa 
that were most prominent on postprandial films that showed normal 
gallbladder contraction (Fig. 2). The patient remained asymptomatic 
until 3 years later when he was admitted to another hospital with 
severe hemorrhagic pancreatitis that proved fatal. At autopsy, multi- 
ple septations were noted in the gallbladder, which was otherwise 
normal. 


Case 2 


A 23-year-old black woman with pyelonephritis was referred for 
renal sonography; an abnormal gallbladder was incidentally discov- 


Received October 30, 1986; accepted after revision December 19, 1986. 


ered. Multiple linear echogenic septations predominately in the neck 
and body of the gallbladder were seen (Fig. 3). There was no acoustic 
shadowing from these septa, which bridged the lumen and presented 
a honeycomb appearance; no calculi were present. Given our expe- 
rience with the previous case, we made a diagnosis of multiseptate 
gallbladder. This was confirmed on an oral cholecystogram that 
showed multiple fine-linear filling defects projecting into the normally 
opacified gallbladder lumen. After a fatty meal that produced no 
symptoms, gallbladder contraction was normal with accentuation of 
the multiseptate appearance (Fig. 4). Gallbladder contractility was 
normal on a cholecystokinin-stimulated radionuclide cholescintigram. 


Discussion 


The multiseptate gallbladder is thought to be a congenital 
malformation, although the embryogenetic mechanism is not 
clear. Some authors [2] have attributed the anomaly to incom- 
plete vacuolization of the developing gallbladder bud, while 
others [3] consider it to be due to persistent “wrinkling” of 
the gallbladder wall. The septa have been shown to consist 
of two epithelial layers with an interposed muscular layer [1]. 

While previously reported cases of multiseptate gallbladder 
had symptoms of biliary colic (associated with cholelithiasis 
in a few), our cases demonstrate that this entity may be 
entirely asymptomatic and require no specific therapy. In our 
two patients there was evidence of normal gallbladder con- 
traction after a fatty meal and normal gallbladder dynamics 
on scintigraphy in one patient. 

Previously reported cases show close correlation between 
oral cholecystography and pathology. The sonographic fea- 
tures of our first case are the same as those in a case recently 
reported [5]. Our second case presents a somewhat different 
appearance with clustered septations forming a honeycomb 
pattern resulting in multiple communicating cystlike compart- 
ments. This pattern has been noted in pathologic descriptions 
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of previous cases [1, 2]; others have also noted clustering of 
the septa in the region of the neck and body of the gallbladder 
[3]. While our cases illustrate that the sonographic appear- 
ance of the multiseptate gallbladder is variable, the essential 
diagnostic features are multiple fine, nonshadowing septa- 
tions that bridge the gallbladder lumen. 

As seen on sonography, the differential diagnoses to be 
considered are desquamated gallbladder mucosa and the 
hyperplastic cholecystoses. Desquamated gallbladder mu- 
cosa [6], an unusual finding in acute cholecystitis, is seen as 
multiple linear, nonshadowing densities within the gallbladder 
lumen. However, these densities are haphazardly arranged in 
the gallbladder lumen and are not seen to consistently arise 
from the wall of the gallbladder. In addition, the clinical setting 
is that of an inflammatory process compatible with acute 
cholecystitis, and there would most likely be nonvisualization 
on an oral cholecystogram. The appearance of polypoid cho- 
lesterolosis [7, 8] may be closer to that of the multiseptate 
gallbladder. However, the nonshadowing densities in this 
entity are more bulbous in appearance and there is no bridging 
of the gallbladder lumen by septa as seen in the multiseptate 
gallbladder. In adenomyomatosis, Rokitansky-Aschoff. si- 
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Fig. 1.—Case 1: Coronal sonogram showing 
fine linear septa bridging gallbladder lumen. 


Fig. 2.—Case 1: Oral cholecystogram. Post- 
prandial film. Linear filling defects represent 
septa. 


Fig. 3.—Case 2: Sagittal sonographic appear- 
ance of “honeycomb” septation pattern most 
prominent in body and neck of gallbladder. 


Fig. 4.—Case 2: Oral cholecystogram. Post- 
prandial film showing multiple locules formed by 
septations. 


nuses could conceivably be confused with the honeycomb 
pattern in multiseptate gallbladder. However, the cystlike 
Rokitansky-Aschoff sinuses as seen on sonography are 
smaller and are within the thickened gallbladder wall. There 
is no bridging of the gallbladder lumen by cystlike compart- 
ments. 
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Case Report 





Treatment of Retained Cystic Duct Stones Using 
Extracorporeal Shockwave Lithotripsy 


Christoph D. Becker,’ J. Stephen Fache,’ Robert G. Gibney,’ Julius L. Stoller,” and H. Joachim Burhenne’ 


Retained stones in a cystic duct remnant can cause recur- 
rent biliary pain after cholecystectomy. Because of their po- 
sition, these stones usually cannot be engaged by wire bas- 
kets for nonoperative percutaneous or endoscopic removal. 
We avoided surgery in such a case by using extracorporeal 
shockwave lithotripsy (ESWL) to disintegrate two large gall- 
stones before removal under fluoroscopic control through the 
T-tube tract. ESWL of cystic duct stones has not been 
reported previously. 


Case Report 


A 58-year-old woman had undergone cholecystectomy with com- 
mon duct exploration in another hospital. Postoperative T-tube cho- 
langiograms had shown two large retained calculi in the supraampul- 
lary region. Attempts at percutaneous stone extraction through the 
T-tube tract and repeat surgical exploration at that institution 2 
months after cholecystectomy had failed to remove these stones, 
which were thought to be in the common bile duct. The patient still 
had recurrent attacks of right upper quadrant pain, and she was 
referred to Vancouver General Hospital for stone removal. 

Review of the outside films and repeat cholangiograms revealed 
that the upper calculus of the two large calculi was lodged in a long 
cystic duct remnant and that the lower stone was lodged at the 
junction of the cystic and common hepatic ducts (Fig. 1A). Percuta- 
neous extraction of these stones through the T-tube tract was 
therefore impossible because they could not be engaged by a wire 
basket. 

We decided to fragment the stones with extracorporeal shock- 
waves. From a recent CT study, it was evident that there was no 
lung tissue at the level of the gallstones in the supine position, 
indicating a safe access route for the shockwaves. The right kidney 
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was situated in the shockwave path, but this was not considered a 
contraindication. Informed consent was obtained, and ESWL was 
performed under epidural anesthesia using the HM-3 lithotripter (Dor- 
nier, Munich, West Germany). The bile ducts were opacified with 
diatrizoate meglumine 30% via a catheter that was placed through 
the T-tube tract into the common hepatic duct. This permitted stone 
localization and targeting. A total of 2350 shockwaves generated 
with up to 18 kV were administered to the stones in two sessions on 
two different days until satisfactory fragmentation was achieved (Fig. 
1B). The procedure was painless. 

Between and after the two ESWL sessions, external biliary drain- 
age was established through a catheter in the T-tube tract to provide 
temporary decompression of the bile ducts in the presence of frag- 
ments and possible edema. There was no hemobilia. Serum amylase 
levels obtained before the treatments, between the two treatments, 
and after the treatments were within normal limits. The patient 
received IV antibiotic prophylaxis with a cephalosporin derivative 
throughout the procedure. During and between the ESWL sessions, 
she developed moderate fever (temperature between 37.2°C and 
38.9°C), but this resolved immediately after the treatments. A Gram 
stain obtained from the bile was negative. A considerable amount of 
blood in the urine was observed after the first ESWL session but this 
subsided within the next 12 hr. 

All stone fragments subsequently passed from the cystic duct 
remnant into the common duct. Those fragments that were consid- 
ered too large to pass into the duodenum spontaneously were 
engaged with a basket and extracted through the T-tube tract in four 
sessions. The fragments were yellowish and brittle; obviously the 
stones had consisted mainly of cholesterol. When all fragments had 
been removed, the patient was discharged and the fistulous tract 
was left to close (Fig. 1C). 

The entire procedure was performed as an inpatient treatment. 
The period from the first ESWL session to discharge was 10 days. 
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Fig. 1.—A, Cholangiogram via T-tube tract shows a large cystic duct remnant containing two impacted gallstones, measuring 15 and 18 mm in diameter 
(not allowing for magnification). Lower of two stones is situated at junction of cystic duct remnant and common hepatic duct. Common hepatic duct above 
this stone and common bile duct are relatively narrow, thus requiring stone fragmentation before nonoperative removal. 

B, Stones are disintegrated after application of 2350 shockwaves in two sessions. All fragments moved subsequently into common bile duct, allowing 


basket extraction via T-tube tract. 
C, All fragments have been removed. 


Discussion 


The first successful clinical application of shockwaves to 
gallstones was reported in 1975 [1]. Recently ESWL, which 
has been used increasingly for kidney stones since 1980, has 
also been used for the treatment of gallstones. The first 
reported series included nine patients with gallbladder stones 
and five patients with common duct stones [2]. The gallblad- 
der stones were located by sonography, and the common 
duct stones were located by endoscopic retrograde cholan- 
giography. After ESWL, a retrograde sphincterotomy was 
done and then the stone fragments were extracted endos- 
copically. The approach used in treating our patient was 
somewhat different owing to the position of the stones, the 
anatomy of the bile ducts, and the presence of a T-tube. 

Low insertion of the cystic duct is not uncommon, and it 
implies that the cystic duct and the common hepatic duct 
have a long parallel course and a common connective tissue 
sheath within the hepatoduodenal ligament. In this situation, 
even large cystic duct stones may escape detection during 
surgical bile duct revision unless a cystic duct cholangiogram 
is obtained at the time of cholecystectomy. After cholecystec- 
tomy, these stones can cause symptoms, as in this case, by 
indentation and partial obstruction of the adjacent common 
hepatic duct. 

In this patient who had already twice undergone biliary 
surgery within a short period, nonoperative attempts at stone 
removal were strongly indicated. Extraction through the 
T-tube tract, the least invasive and most successful method, 
failed in this case because the stones could not be engaged 
in a basket. Impaction of gallstones in the cystic duct remnant 
is a well-known cause for failure of the percutaneous tech- 
nique [3]. We considered the possibility of endoscopic retro- 
grade stone extraction, including sphincterotomy. However, 


because of the narrow diameter of the common bile duct, 
stone fragmentation would still have been required before 
stone extraction in order to avoid considerable trauma. 

We thought that the use of ESWL was justified because 
(1) the patient had abdominal pain attributable to her gall- 
stones, (2) there was no lung tissue in the shockwave path, 
and (3) she consented to undergo this nonestablished form 
of treatment in order to avoid repeat surgery. Since we had 
access to the bile ducts through the existing T-tube tract, 
endoscopic retrograde cannulation for administration of con- 
trast material and extraction of gallstone fragments was not 
necessary. 

ESWL was tolerated without complications or serious side 
effects. Although the stones were situated at the level of the 
pancreas, serum amylase levels remained within normal limits 
throughout the procedure. Transient hematuria, as seen in 
our patient, was due to passage of the shockwaves through 
the right kidney and was also reported after ESWL in two of 
five cases with common duct stones [2]. Hematuria is a 
common finding after renal lithotripsy and is of little clinical 
significance. The cause of the patient's transient fever during 
and between the ESWL sessions remains unclear. However, 
similar findings have been reported in association with uncom- 
plicated kidney stone lithotripsy [4]. 
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Radiologic Contributions to Cancer 


Management 


Imaging Techniques: Metastases and Tumor Extension in 


the Abdomen 


A. Robert Kagan,':? Richard J. Steckel,’ Marvin Weiner,* and James Winter’ 


Imaging techniques for evaluating metastases or tumor 
extension in the abdomen include cross-sectional methods 
such as CT, sonography, and MR, which complement the 
information available from “traditional” radiologic imaging pro- 
cedures [1-3]. In choosing the specific sequence of radiologic 
studies for a cancer patient with a new abdominal complaint, 
it is helpful to have a presumptive diagnosis, since the appro- 
priate imaging studies to investigate new abdominal findings 
vary with the clinical impression. 


Nonspecific Abdominal Complaints 


After excluding iatrogenic causes for new abdominal com- 
plaints in cancer patients who are under treatment (e.g., 
functional bowel obstruction induced by Vinca alkaloids or 
narcotic medications; gastritis secondary to chemotherapy or 
salicylates), emphasis should be placed on ruling out non- 
malignant disorders as the causes of symptoms. Benign 
causes for serious abdominal symptoms in these patients are 
less common than metastases, but they are usually more 
amenable to treatment. A relatively common cause for acute 
abdominal symptoms in previously treated cancer patients is 
partial bowel obstruction from benign adhesions. 

Benign disorders such as hepatic adenomas, focal hyper- 
plasia, hepatic cysts, and hemangiomas can also simulate 
hepatic metastases; these may attract clinical attention be- 
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cause of asymptomatic liver enlargement, an abnormal liver 
scan, or acute bleeding into a benign lesion. Likewise, leio- 
myomas or polyps in the stomach or small bowel, sometimes 
accompanied by intussusception or bleeding, can simulate 
submucosal or intramural metastases. Bleeding into a benign 
pancreatic cyst or pseudocyst, the presence of pyometra or 
a tuboovarian abscess, torsion of a benign ovarian cyst, or 
diverticulitis with pericolonic penetration may also confound 
the oncologist. 

The utility of radioactive gallium for localizing an infectious 
process or a metastatic lesion is limited within the abdomen 
because of the high bowel background. However, radioactive 
indium-labeled leukocytes or CT with IV contrast material may 
be helpful in localizing an infectious focus in the febrile cancer 
patient or in distinguishing between an abdominal abscess 
and a loop of fluid-filled bowel or a metastatic tumor mass 
[4]. 

Acute upper gastrointestinal bleeding is usually caused by 
benign ulceration(s) rather than by metastatic deposits in 
patients with nongastrointestinal cancers. Bacterial, radiation- 
induced, or nonspecific inflammatory bowel disease can all 
simulate intraabdominal carcinomatosis. Cancer patients, par- 
ticularly those on steroids, may sometimes experience pene- 
tration or perforation of the stomach or colon from a benign 
condition with few clinical signs of peritonitis. Cancer patients 
with pancytopenia or those who are receiving anticoagulants 
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for other conditions can also develop spontaneous hemato- 
mas in the mesentery, bowel, retroperitoneum, or abdominal 
wall. 

Extraabdominal tumor primaries that metastasize most 
often to the abdominal lymph nodes or viscera and that may 
Cause symptoms include melanomas and cancers of the lung, 
esophagus, and breast (Figs. 1-8) [5-7]. On the other hand, 
gastrointestinal carcinomas (including those that arise in the 
gallbladder, stomach, colon, or pancreas) also frequently 
spread to contiguous abdominal structures such as the liver, 
intestine, mesentery and omentum, kidneys, adrenals, ovary, 
and spleen, as well as to the mesenteric and retroperitoneal 
lymph nodes (Figs. 9-11) [8]. Ovarian carcinomas frequently 
seed the peritoneal surfaces including the undersurface of the 
diaphragm (Figs. 12 and 13). CT can be used to examine all 
of these areas and may show enlargement of periaortic or 
pelvic nodes, which may or may not be caused by metastatic 
tumor. The supposedly unique role of lymphangiography in 
detecting metastatic carcinomatous defects within normal- 
sized nodes remains controversial, since both false-positive 
and false-negative results are common [9]. 


Jaundice and Liver Abnormalities 


Jaundice in cancer patients may stem from benign causes. 
It may be drug-induced, or it may be related to hypersplenism 
with hemolytic anemia or to intravascular coagulation. Acute 
cholecystitis, with or without cholelithiasis, can also precipi- 
tate jaundice in these patients. On the other hand, a radio- 
nuclide liver scan, CT scan, or sonogram may indicate that 
over 50% of the liver parenchyma has been replaced by 
metastatic cancer. Unfortunately, this remains the most com- 
mon cause of insidious jaundice in cancer patients, and it is 
often difficult or impossible to palliate effectively. In some 
patients, a sonogram or CT scan may show dilatated intra- 
hepatic ducts and suggest either benign or malignant extra- 
hepatic biliary obstruction, which may be amenable to pallia- 
tive treatment (e.g., lithotomy for gallstones or choledocho- 
jejunostomy or biliary catheter drainage for obstruction by 
metastatic nodes) [10-14]. Recognition of malignant extra- 





KAGAN ET AL. 


AJR:148, June 1987 


hepatic biliary obstruction (Fig. 8) may be important prog- 
nostically, because the median survival with palliative meas- 
ures for this condition is 12 months, as compared with only 
1 month when the jaundice is caused by extensive metas- 
tases replacing the liver parenchyma. 

Some asymptomatic patients who have been treated for 
cancer of the colon may be shown on follow-up imaging 
studies to have a solitary metastasis within the liver or me- 
tastases that appear to be confined to one liver lobe. These 
metastatic lesions may be considered for curative resection if 
there is no evidence of persistent disease elsewhere in the 
body. However, complete diagnostic evaluations of colon 
cancer patients with liver involvement have revealed that only 
20% actually have liver metastases confined to a single lobe. 
Furthermore, after chest radiographs and careful CT exami- 
nations of the chest and abdomen, only 20% of patients who 
have unilobar liver lesions are found to be free of disease 
elsewhere (and therefore to be potentially resectable). The 
result is that a lobar or trisegmental resection is applicable to 
only about 4% of all colon cancer patients with liver metas- 
tases. Nevertheless, this select group of colon cancer patients 
will have a 20% chance of 5-year survival after hepatic resec- 
tion (as opposed to 0% chance without resection). For prac- 
tical purposes, metastatic carcinoma to the liver from any 
primary site other than the colon is not curable, even when a 
liver resection is done. With certain hormonally functioning 
tumors, however, partial resections (debulking) of liver metas- 
tases may be done to palliate systemic symptoms (e.g., the 
carcinoid syndrome). While there is still no universal agree- 
ment as to which prognostic factors are most important in 
metastatic liver disease, the total amount of liver replaced by 
metastatic tumor (as estimated by the radiologist) is thought 
by any investigators to be the most important factor [15- 
17]. 

Continuous chemotherapeutic infusions through an indwell- 
ing catheter in the hepatic artery are being used more fre- 
quently to palliate metastatic cancer in the liver [18-20] (Fig. 
11). With long-term arterial catheterization, however, the com- 
plications of arterial thrombosis and chemotherapy-induced 
gastritis, hepatitis, or cholangitis may eventually require re- 


Fig. 1.—CT with ingested barium shows large, 
ulcerating melanoma metastasis in stomach. 
Metastatic tumor is present in hepatoduodenal 
ligament and right renal hilum also. 


Fig. 2.—Barium study shows scirrhous metas- 
tasis from breast carcinoma in small bowel. 


AJR:148, June 1987 


Fig. 3.—Barium study shows ulcerating mel- 
anoma metastasis in duodenal bulb (“bull’s-eye” 
lesion). 
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Fig. 4.—Barium study shows scirrhous metas- 
tasis in colon from breast carcinoma. 


Fig. 5.—Upper gastrointestinal study shows 
scirrhous breast carcinoma metastatic to stom- 
ach (simulating linitis plastica). 


Fig. 6.—CT shows bilateral adrenal metas- 
tases (malignant melanoma). 


Fig. 7.—CT shows metastases to bowel and 
mesentery from malignant melanoma. 


Fig. 8.—Transhepatic cholangiogram shows 
colon cancer metastases to nodes around com- 
mon bile duct, with obstruction. 


moval of the catheter. Embolization and surgical ligation of 
the hepatic artery have become less popular as palliative 
measures for metastatic disease, since it is apparent that 
collateral circulation can become well established within the 
liver in a few days [21,22]. 
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The role of the radiologist in managing jaundiced cancer 
patients has been enhanced with the introduction of percu- 
taneous biliary drainage techniques for extrahepatic biliary 
obstruction. The use of a thin (22-gauge) needle for diagnostic 
studies of the biliary system greatly reduces the likelihood of 
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Fig. 9.—Upper gastrointestinal series shows 
local extension of pancreatic carcinoma with an- 
nular compression of distal duodenum. 





12 


complications such as hemorrhage, biliary leakage, or sepsis, 
but larger-bore devices may be needed in some patients to 
achieve adequate biliary drainage. If a percutaneously intro- 
duced guidewire cannot be advanced beyond a point of biliary 
obstruction, a drainage catheter left in place within a hepatic 
branch for 1-3 days may reduce inflammation and edema 
enough for a guidewire and catheter assembly to be advanced 
beyond the point of obstruction into the duodenum. If the 
obstruction is within the liver, percutaneous drainage of a 
branch duct may sometimes be sufficient for palliation when 
sepsis (cholangitis) is not a complicating factor. On the other 
hand, if the obstruction is near the distal portion of the 
common bile duct (e.g., the periampullary region), the pros- 
pect of contiguous obstruction of the duodenum from further 
tumor enlargement may dictate a palliative surgical procedure 
(choledochoenteric and gastroenteric bypasses). Survival of 
1 month or less can be expected with concurrent jaundice 
and duodenal obstruction when the tumor has originated in 
the stomach or the pancreas. However, after a palliative 


Fig. 10.—Upper gastrointestinal series shows 
adenocarcinoma of hepatic flexure of colon with 
direct extension to duodenum. 





Fig. 11.—CT shows calcified and uncalcified 
liver metastases from mucinous colon carcinoma. 
Intraarterial chemotherapy is being given via he- 
patic artery catheter. 


Fig. 12.—CT shows peritoneal carcinomato- 
sis from ovarian primary. 


Fig. 13.—Barium enema shows serosal im- 
plant in colon from ovarian carcinoma. 


bypass procedure, survivals of up to 6 months are common 
in patients whose primary tumor is in the colon. 


Acute Flank Pain 


Acute flank pain is relatively common in previously treated 
cancer patients. The appropriate imaging study for a cancer 
patient with acute flank pain depends on the site of the 
primary cancer. For instance, severe right flank pain in a 
patient with cancer of the stomach, pancreas, or colon sug- 
gests the possibility of liver metastases with bleeding into a 
lesion, while severe flank pain (on either side) in a patient with 
cancer of the breast, prostate, or kidney is more likely to be 
caused by radiculopathy from a vertebral metastasis. Pain 
can also be referred to either flank region from metastases 
involving the pleura or the chest wall. A patient with lymphoma 
who develops severe flank pain may have urinary obstruction 
secondary to retroperitoneal lymphadenopathy or to uric acid 
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Fig. 14.—Upper gastrointestinal series shows 
renal cell carcinoma extending to and obstruct- 
ing descending duodenum. 


Fig. 15.—CT shows lymphoma infiltrating 
gastric wall, spleen, and tail of pancreas on CT. 
Other scans showed that both kidneys were also 
involved by tumor. 
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stones. The diagnosis of urolithiasis (with or without hyperu- 
ricemia or hypercalcemia) in a cancer patient is frequently 
overlooked, especially when widespread metastatic disease 
is present. 

While metastases to the kidneys or adrenals are found 
relatively often on complete postmortem examinations, es- 
pecially with melanoma and lung cancer, symptomatic metas- 
tases in these locations are rare. Therefore, even when a 
renal or adrenal metastasis is suspected radiologically, an- 
other explanation is usually needed for severe flank pain in 
the cancer patient [23]. Renal cancers sometimes invade 
contiguous viscera such as the liver or duodenum (Fig. 14); 
however, when lymphoma involves the kidney it is usually a 
manifestation of widespread abdominal disease (Fig. 15). 
Isolated metastases to the adrenal gland (without other evi- 
dence of metastatic disease) on CT are rare except in patients 
with cancer of the lung, but most small adrenal masses (under 
2 cm) in these patients will eventually prove to be adrenal 
cysts or benign neoplasms [24-27]. 


Pelvic Pain and Masses 


Again, the radiologist must consider the site of the primary 
tumor when evaluating cancer patients who have a new 
symptom of pelvic pain or a mass. Local pelvic recurrences 
from adenocarcinoma of the rectum occur in the presacral 
space and may subsequently invade the sacrum, lumbosacral 
plexus, and/or bladder trigone. CT may be the most useful 
study for following these patients, but MR imaging may soon 
have a role in the diagnosis of pelvic problems. Parametrial 
recurrences from cancer of the cervix take the form of fibros- 
ing plaques, often accompanied by ureteral obstruction, and 
abdominopelvic CT scans with IV contrast infusions may be 
helpful. While regional lymph nodes may be enlarged in pre- 
viously treated cervical cancer patients, postirradiation or 
postsurgical inflammatory changes can make accurate inter- 
pretation of nodal enlargement by CT difficult or impossible. 
Unlike cervical cancer recurrences, pelvic recurrences after 
surgery or irradiation in patients with cancer of the bladder 
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who have invasion of muscle, prostate, uterus, and/or rectum 
are usually associated with concurrent extrapelvic metas- 
tases [28-31]. 

Cures (after ovariectomy) in women with solitary or bilateral 
metastases to the ovaries have been reported, but the primary 
tumors in this subset of patients usually are within the genital 
tract. A metastasis to the ovary may be cystic or solid, and 
in some patients even histopathologic distinctions may be 
difficult between a primary adenocarcinoma of the ovary and 
a metastasis to the ovary (e.g., a Krukenberg tumor from the 
breast or stomach) [32-35]. 
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Enteroenteric 
Intussusception: CT Findings in 
Nine Patients 





The CT scans in nine proven cases of enteroenteric intussusception were analyzed. 
Three different CT patterns were observed: a target lesion (n = 5), a reniform mass 
(n = 2), and a sausage-shaped mass with alternating layers of low and high attenuation 
(n = 2). Small-bowel series were available within 2-4 days of CT in eight patients and 
were positive in five. Surgical proof of intussusception was available in seven of the 
nine patients. Resected small-bowel specimens from patients with the reniform config- 
uration revealed focal ischemic changes. Other objective parameters of ischemia such 
as acidosis and hyperamylasemia were also present in the two patients with reniform 
masses. Such changes were not evident in the other patients. This suggests that 
intussusceptions with reniform configurations warrant more urgent surgical attention. 

The varying patterns of intussusception on CT should be recognized so that appro- 
priate management can be initiated. 


Various imaging techniques have been used to diagnose intussusception, includ- 
ing plain films, sonography, and contrast-enhanced studies [1-8]. However, the 
application of CT to the diagnosis of the cause of abdominal pain has greatly 
expanded over the last few years. Depending on the institution, CT often precedes 
contrast-enhanced studies in the evaluation of patients with abdominal pain. 
Consequently, it is important to be familiar with the variable CT appearances of 
intussusception [9]. We recently encountered nine patients with enteroenteric 
intussusception who had been evaluated by CT; two of these patients were the 
basis of a previous report [9]. Five additional cases from the literature have been 
reviewed [7, 10, 11]. Scattered case reports have discussed CT appearances of 
ileocolic intussusceptions [8, 12-18]. To our knowledge, this is the largest series 
of enteroenteric intussusception with differing CT features, and a range of under- 
lying pathologic conditions is reflected. We describe the variable appearances of 
intussusception and compare our findings with those previously described to 
determine the characteristic appearances of intussusception. 


Materials and Methods 


Over a 4-year period, nine patients with enteroenteric intussusception were evaluated by 
CT. These consisted of seven men and two women with an average age of 42 years (range, 
23-70). Underlying diagnoses included malignant melanoma in three patients and individual 
cases of celiac disease, adenocarcinoma, benign hamartomatous polyp, plasmacytoma, 
malignant schwannoma, and leiomyosarcoma. The location of the intussusception was 
jejunojejunal in seven cases and ileoileal in the other two. 

Surgical proof of intussusception was available in seven of the nine patients. Of the two 
patients who did not undergo surgery, one had biopsy-proven celiac disease, and a transient, 
nonobstructing intussusception seen on both CT and small-bowel series was attributed to 
the underlying disease. The other patient had a history of malignant thoracic schwannoma: 
the etiology of the enteroenteric intussusception was presumed to be metastasis to the 
gastrointestinal tract. . 
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Fig. 1.—Target pattern of enteroenteric intussusception in 23-year-old man with celiac disease 


admitted with diarrhea and pedal edema. 


A, Small-bowel follow-through examination shows right lower quadrant intussusception (arrow). 

B, CT 2 days later to exclude inferior vena cava thrombosis shows intraluminal mass (arrow) 
corresponding to intussusception on upper small-bowel series. Incidentally noted is paraaortic 
adenopathy. Intussusception was attributed to underlying disease. A gluten-free diet resulted in 


Clinical improvement. 


Scans were obtained on either a Siemens Somaton DR3 or a Pfizer 
AS and E 0500 scanner, with scanning techniques of 3.2 sec, 125 
kVp, 230 mA., and 8-mm collimation or 10 sec, 125 kVp, 20 mAs, 
and 10-mm collimation, respectively. Scans were obtained at 1- to 
1.5-cm intervals from the diaphragm to symphysis pubis with addi- 
tional scans as needed. Oral contrast material consisted of 500 ml of 
a flavored solution of 3% Hypaque administered 1 hr before the study 
and an additional 250 mi given just before the study. IV contrast 
material was used routinely unless contraindicated by clinical history. 
Eight of the nine patients also had upper gastrointestinal and small- 
bowel follow-through examinations within 2-4 days of CT, and these 
were compare d v ith the CT scans. Contrast-enhanced examinations 
preceded CT seven patients. CT was the initial examination in one 
patient and the only study in another. 


Results 


A specific diagnosis of intussusception was made by CT in 
all nine cases, and CT was the first procedure to suggest the 
diagnosis in three patients. The most common CT finding (five 
cases) was an intraluminal soft-tissue mass with an eccentri- 
cally placed fatty area of attenuation, representing the intus- 
susceptum and the intussuscepted mesentery, respectively 
(Fig. 1). The fatty density was seen in four of the five cases. 
The second patter> (two cases) was a reniform or bilobed 
mass with high attenuation peripherally and a lower attenua- 
tion centrally (Fig. 2). This appearance reflected the invagin- 
ated intussusceptum surrounded by thickened bowel wall. 
The third pattern (two cases) was that of a sausage-shaped 
mass with alternating areas of low and high attenuation (Figs. 
3 and 4). The different areas of attenuation reflected closely 
spaced bowel wall, mesenteric fat, and/or intestinal fluid and 
gas. In one instance (Fig. 3), contrast material was seen 
coating the ensheathing layers of the intussusception. This 
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Fig. 2.—Reniform pattern of enteroenteric intus- 
susception in 28-year-old man with history of ma- 
lignant melanoma and current abdominal pain. CT 
shows a reniform, bilobed mass with areas of high 
attenuation peripherally and lower attenuation 
centrally. At surgery, an intussuscepting meta- 
static tumor mass was found obstructing the prox- 
imal jejunum. The patient died 6 months later. 
Postmortem examination was not performed. 


represented the CT demonstration of the “coiled-spring” sign 
of intussusception seen on conventional contrast radiogra- 
phy. All cases had variable degrees of small-bowel dilatation 
reflecting partial obstruction. 


Discussion 


Since 1980, three reports of the CT appearance of enter- 
oenteric intussusception have been published, representing 
only five patients (7, 10, 11]. Combining the present group 
with those previously reported yields 14 reported cases of 
enteroenteric intussusception studied by CT. Of those, 50% 
were caused by malignant lesions. In a large surgical review 
of over 600 cases, only 17% of small-bowel intussusceptions 
were from malignancy (19]. 

Although CT provided confident identification of the pres- 
ence of the intussusception in all nine cases, the exact cause 
of the intussusception could not be determined. In the ab- 
sence of historical information or supporting radiologic infor- 
mation, CT could not distinguish between benign and malig- 
nant causes of intussusception. A specific preoperative di- 
agnosis of the cause of an intussusception has been made 
only once: Donovan and Goldman [13] reported a case of an 
intussuscepting lipoma when a mass with negative attenua- 
tion numbers was seen as the lead point. This enabled the 
surgeon to plan curative surgery preoperatively. 

In comparison with upper gastrointestinal and small-bowel 
follow-through examinations, CT was more sensitive. Of eight 
patients who had contrast examinations within 2-4 days of 
CT, the contrast study showed evidence of small-bowel 
obstruction with focal intussusception in five. In the other 
three cases, findings were suggestive of obstruction without 
a specific diagnosis of intussusception. Reasons for ordering 
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Fig. 3.—Sausage-shaped pattern of enteroen- 
teric intussusception in 61-year-old man with nau- 
sea and vomiting. 

A, Small-bowel examination shows jejunoje- 
junal intussusception and dilated small-bowel 
loops. 

B, CT confirms intussusception with soft-tissue 
mass as lead point (arrow) and shows “coil- 
spring” appearance (arrowhead). An ulcerated je- 
junal mass 40 cm distal to ligament of Treitz was 
resected at surgery and proved to be adenocarci- 
noma. Follow-up CT did not reveal evidence of 
tumor recurrence. 


Fig. 4.—Sausage-shaped pattern of enteroen- 
teric intussusception in 32-year-old man with 6- 
month history of colicky abdominal pain. 

A, Upper gastrointestinal series shows jejuno- 
jejunal intussusception (arrow). 

B, CT confirms intussusception; low-density 
areas represent mesenteric fat (arrow). At sur- 
gery, a 4-cm pedunculated mass in the jejunum 
proved to be a benign hamartomatous polyp. The 
intussusception was reduced, and 35 cm of small 
bowel was resected. The patient did well without 
recurrence of abdominal pain. 


CT in patients with unequivocal findings of intussusception 
on contrast studies varied but included the desire to rule out 
concomitant mesenteric or extrinsic disease. In one case, CT 
was the initial imaging technique and made the diagnosis of 
a Clinically unsuspected intussusception, which was con- 
firmed at surgery. Indeed, in no case was intussusception 
suspected before radiologic assessment as the cause of 
partial obstruction. 

Experimental in vivo studies have expanded the under- 
standing of the CT appearance of intussusception. From 
surgically created intussusception in canine small bowel, Cur- 
cio et al. [9] illustrated that the thick-walled intussuscipiens, 
the eccentrically placed intussusceptum, and the invaginated 
mesentery were essential components of the intussusception 
complex. In similar studies, Iko et al. [15] stressed the tem- 
poral dynamics of the CT appearance of intussusception. 
After the creation of intussusception in dogs, serial scans 
were obtained immediately after surgery and subsequently at 
various intervals up to 30 hr. Scans were then staged as 1- 
4 depending on the progression of obstruction, bowel thick- 
ness, and appearance of the intussusception. 

Pathophysiologically, early stages corresponded to rela- 
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tively mild degrees of obstruction and were characterized by 
the presence of so-called “target” masses (stage 1). As the 
intussusception progressed, a “layering” pattern developed 
(stage 2). The “layered” appearance was caused by alternat- 
ing low-attenuation (mesenteric fat) and high-attenuation 
areas (bowel wall) within the intussusception. Thickened 
edematous bowel with loss of the layering pattern (stage 3) 
was followed by a gangrenous state (stage 4), in which CT 
showed extensive bowel-wall thickening and loss of fascial 
planes. These variable appearances reflected the changeabil- 
ity of the state of the intussusception. 

The CT patterns in our series are similar to those previously 
described by Iko et al. [15] in their experimental studies. In 
particular, the layering pattern they described as stage 3 
bears a close resemblance to the reniform appearance seen 
in two patients. Both resected small-bowel specimens from 
the two patients with a reniform pattern showed focal is- 
chemic changes. In addition, other objective parameters of 
ischemia such as leukocytosis, acidosis, and hyperamylase- 
mia were present in both patients. The other seven patients 
with target lesions and sausage-shaped masses had no lab- 
oratory or pathologic evidence of ischemia. It appears that 
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the reniform or bilobed shape with thickened walls suggests 
some degree of vascular insufficiency and warrants more 
urgent surgical intervention. 

The same dynamic principles apply to barium studies. The 
appearance of an intussusception is a function of its duration 
and severity. The classic coiled-spring appearance results 
from retrograde flow around the intussusceptum into the 
intussuscipiens and reflects a dynamic condition of frequent 
reduction and recurrence. As the obstruction worsens, the 
coil spring disappears and only a central filling defect becomes 
visible. Findings on upper gastrointestinal examinations, how- 
ever, were rather uniform in appearance and did not reflect 
the variability seen on CT. Consequently, attempts to com- 
pare findings on CT and barium studies were fruitless. In all 
but one case, an upper gastrointestinal series was the initial 
examination, followed by CT 2-4 days later. Elapsed time 
between the two examinations perhaps accounts for the 
differences. 

CT scans are used increasingly in the evaluation of intestinal 
obstruction and abdominal pain and must be studied closely 
for signs of intussusception. As the diagnosis is often not 
suspected Clinically, the radiologist can be the first to suggest 
the diagnosis. Malignant lesions underlie a considerable pro- 
portion of adult small-bowel intussusception. Therefore, early 
diagnosis and prompt surgical treatment are essential. 
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Decreasing Numbers of 
Gastrointestinal Studies: 


Report of Data from 69 Radiologic 
Practices 





A survey of the members of the Society of Gastrointestinal Radiologists was con- 
ducted to document changes in the numbers of gastrointestinal fluoroscopic procedures 
performed in the United States from 1975 through 1986. Data from 69 radiologic practices 
indicated that the numbers declined substantially. Decreases in the numbers of upper 
gastrointestinal examinations, small bowel studies, and barium enemas was 24%, 17%, 
and 29%, respectively. The number of oral cholecystograms declined 93%. Respondents 
listed the advent of new techniques (sonography, CT, and MR imaging) and competition 
from endoscopy as the two major factors that they thought contributed to these 
decreases. They thought that competition from endoscopy would be the factor most 
likely to affect the numbers of gastrointestinal fluoroscopic procedures in the near 
future. 


The number of gastrointestinal fluoroscopic procedures performed in the United 
States has been declining. Factors generally regarded as contributing to this 
decrease include the advent of sonography and CT, competition from endoscopy, 
efforts at cost containment, and the efficacy of H2-blocking drugs in treating 
common diseases of the upper gastrointestinal tract. 

To document changes occurring in the numbers of gastrointestinal procedures 
in the United States, we conducted a survey of the more than 200 members of the 
Society of Gastrointestinal Radiologists. Information was requested on the numbers 
of upper gastrointestinal studies, small bowel studies, barium enemas, and oral 
cholecystograms performed in their hospitals, clinics, and private offices from 1975 
through 1986. 


Materials and Methods 


Survey forms requested yearly data for calendar or fiscal years 1975-1986 for the following 
four examination categories: (1) esophagrams and upper gastrointestinal! series; (2) small 
bowel examinations, including enteroclysis; (3) barium enemas; and (4) oral cholecystograms. 
If the numbers of studies were not available for all years, respondents were asked to provide 
as much data as possible. They were asked also to list the factors that they though had had 
the most important effect on the changes in the numbers of gastrointestinal examinations. 
Finally, they were asked to indicate the type of facility in which they practiced. Responses 
providing fewer than 4 years of data were excluded from the computations. Of the 97 
responses, usable complete or partial data were provided for 69 individual hospitals, clinics, 
and office practices. Responses were heavily weighted toward university hospitals; 56 of the 
respondents practiced in a university setting (Table 1). 

The number of studies performed in the first reported year was used as the basis for 
computing changes in numbers in the subsequent years reported. The average percent 
change then was calculated from the 69 responses for each examination each year. A 100% 
value was assigned to the year 1975, and the average percent change in numbers of 
examinations for all subsequent years was plotted then for each of the four examination 
categories surveyed (Figs. 1-4). Because a downward trend was apparent for all four 
categories, linear regression analysis was performed to establish trend lines, and the corre- 
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TABLE 1: Types of Radiologic Practices lation coefficients were calculated. Because of the location of the 
data points on the graph for oral cholecystograms, the linear regres- 
Practi No. of sion analysis and correlation coefficient for this category were deter- 
ractice Responses 
po mined for the years 1977-1985 (Fig. 4). 
University hospital 56 The total change in the numbers for each examination also was 
Community hospital 24 calculated for every response that provided full data for 1975-1985 
jirak i co y or 1975-1986. These data were plotted on a graph to show variations 
ildren’s hospita a ee 
Private otit 3 among the responding institutions (Fig. 5). 
Multispecialty clinic 2 
Military hospital 2 
Cancer hospital 1 Results 
Gity-county hospital À The 69 responses with usable numeric data indicated that, 
Note.—Number of respondents was 97. over the 12-year period of the survey, studies of the gastroin- 








N 
ç 
© re 
~ S 
Q = 
= E 
a ~ 
Cc 
S 
a 
75 76 77 78 79 80 81 82 83 84 85 86 75 76 77 78 79 80 81 82 83 84 85 86 
Year or Fiscal Year Year or Fiscal Year 
Fig. 1.—Graph of average yearly changes in numbers of esophagrams Fig. 2.—Graph of average yearly changes in numbers of small bowel 
and upper gastrointestinal tract studies for 1975-1986. Trend line was studies for 1975-1986. Trend line was established by linear regression; 
established by linear regression; correlation coefficient was .98. correlation coefficient was .88 because of slightly scattered data points. 
75 76 77 78 #79 80 81 82 83 84 85 86 
100 100 
90 90 
80 80 
o 
70 70 
N N 60 
5 5 
5 > S 
7 S 40 40 
2 a 
30 30 
20 
10 10 
0 0 
75 76 77 78 79 80 81 82 8 84 8 86 75 76 77 78 79 80 81 82 83 84 85 8 
Year or Fiscal Year Year or Fiscal Year 
Fig. 3.—Graph of average yearly changes in numbers of barium Fig. 4.—Graph of average yearly changes in numbers of oral chole- 
enemas for 1975-1986. Trend line was established by linear regression; cystograms for 1975-1986. Trend line for 1977-1985 was established by 


correlation coefficient was .98. linear regression; correlation coefficient was .99. 


AJR:148, June 1987 


+40 + 40 


+ 20 +20 


-20 -20 


eee ooto © 
oe e 


-40 40 


Percent Change Since 1975 


: 
7 


-60 


80 


100 





Esoph. & Small Barium Oral 
U.G.I. Series Bowel Enema Cholecyst. 


Fig. 5.—Graph of overall changes in numbers of the four examinations 
for individual practices that provided information for all years of the period 
1975-1986. Numbers varied considerably among the respondents. Esoph. 
= esophagram; U.G.I. = upper gastrointestinal; Cholecyst. = cholecysto- 
gram. 


testinal tract declined 24%, 17%, and 29% for upper gastroin- 
testinal examinations, small bowel studies, and barium ene- 
mas, respectively (Figs. 1-3). For upper gastrointestinal stud- 
ies and barium enemas, the downward trend has been steady, 
describing a virtually straight line; the correlation coefficient 
was .98 in both cases. The lesser decline of small bowel 
examinations was more irregular; linear regression analysis 
gave a slightly lower correlation coefficient of .88. 

Individual reports of changes in the number of barium 
enemas for the entire period of 1975-1986 varied widely (Fig. 
5). Several institutions reported overall declines as great as 
75-80%, but a minority of practices reported increases. Indi- 
vidual changes since 1975 varied from —81% to +37%. 

The numbers of oral cholecystograms declined markedly; 
the average decrease since 1975 was 93% (Fig. 4). All but 
three respondents reported declines of 80% or more (Fig. 5). 
One institution reported a 100% decrease; it had not per- 
formed any oral cholecystograms in the fiscal year 1985- 
1986. The graph of changes in the numbers of oral cholecys- 
tograms was triphasic; the major decline occurred in 1977- 
1985. 

Factors listed by the respondents as affecting the number 
of gastrointestinal studies are shown in Table 2. Two factors 
mentioned by most respondents were the impact of cross- 
sectional imaging techniques and the increasing competition 
for diagnostic examinations by endoscopists. Mentioned with 
lesser frequency were cost-containment efforts and the effi- 
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TABLE 2: Factors That Affected the Numbers of 
Gastrointestinal Studies in 1975-1986 
No. of 
Factor Responses 
Sonography, CT, MR imaging 63 
Competition from endoscopy 61 


Cost containment 15 
Use of H2-blockers 12 
More outpatient studies 9 
Screening of requests 5 
Competition from imaging centers 4 
Lower hospital occupancy 4 
Poor accuracy, decreasing skills 3 
President Reagan's colon carcinoma 3 
Growth of prepaid medical plans (HMOs) 2 


w 





Note.—Number of respondents was 97. HMO = health maintenance orga- 
nization. 
a The only factor that was thought to increase the number of studies done. 


cacy of H2-blocking agents in the treatment of upper gastroin- 
testinal diseases. Also mentioned were the shift of examina- 
tions to the outpatient arena, with increasing competition from 
imaging centers; lower hospital occupancy rates; the growth 
of health maintenance organizations; poor accuracy and de- 
clining skills in performance of barium examinations; and the 
impact of President Reagan’s colonic carcinoma. The latter 
was the sole factor thought to have increased the numbers 
of studies. 


Discussion 


The present survey confirms the perceived downward trend 
in the numbers of gastrointestinal fluoroscopic procedures 
performed in the United States. Barium studies have declined 
18-29% since 1975 (Figs. 1-3), with no indication that a point 
of stabilization has been reached. The oral cholecystogram 
has almost disappeared from the radiologic scene and has 
become an infrequently used examination in most practices. 

The results of this survey confirm and extend those re- 
ported in a previous, smaller survey of the changes in the 
numbers of these examinations [1]. Trends reported in that 
survey have continued at approximately the same rate in a 
predictable fashion. Although the percent change in numbers 
of barium studies varied widely (Fig. 5), most of those re- 
sponding to the present survey indicated declines in the 
numbers of these examinations. For the oral cholecystogram, 
all respondents reported a decrease in numbers. 

Because of the organization polled, this survey is weighted 
toward recording changes that occurred at university hospi- 
tals (Table 1). The responses of the 56 university hospitals 
greatly outnumbered those of the 24 community hospitals. 
The remaining 17 practices included Veterans Administration 
hospitals, children’s hospitals, private offices, multispecialty 
Clinics, military hospitals, a cancer hospital, and a city-county 
hospital. Despite the preponderance of university hospitals, 
however, we think that the survey reflects events occurring 
in the radiologic community as a whole. A comparison of data 
from the university and community hospitals showed no ap- 
parent difference in the extent of the declines in the numbers 
of studies performed. 
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Respondents almost uniformly listed two major factors as 
contributing to the decrease in the numbers of gastrointestinal 
examinations. First, most respondents indicated that cross- 
sectional imaging techniques rather than barium studies are 
being used preferentially now to locate intraabdominal 
masses and to evaluate pancreatic disease. Similarly, sonog- 
raphy has replaced the oral cholecystogram almost com- 
pletely. The second factor cited by most respondents was 
that of competition from endoscopy for the examination of 
the upper gastrointestinal tract and colon. 

Cost containment also was cited as a cause for the de- 
crease in numbers of examinations performed. This factor 
was listed variously as cost containment, screening of radio- 
logic requests, the advent of health maintenance organiza- 
tions, lower hospital occupancies, and a shift to outpatient 
examinations. The last factor affected the numbers of studies 
performed by radiologists who are primarily hospital-based. 
Three respondents, a small minority, mentioned the poor 
accuracy of radiologic examinations and/or the decreasing 
skills with which these studies are performed. Two of these 
three suggested that the diminution in the numbers of studies 
being performed may make it increasingly difficult to train 
radiology residents in the proper performance of gastrointes- 
tinal examinations. 

A factor mentioned in three responses was the effect of 
President Reagan's colon cancer in increasing the number of 
barium enemas in the fiscal year 1985-1986. Indeed, all three 
graphs of yearly changes in the numbers of barium studies 
show a modest increase for the fiscal year 1985-1986, which 
included the period immediately after the discovery of the 
President’s carcinoma. This suggests that there may have 
been an increase in the number of examinations performed 
to screen for colon carcinoma as well as an increase in all 
barium studies necessitated by testing for fecal occult blood 
and the need to rule out carcinoma in patients with positive 
tests. 

Although the impact of sonography and other cross-sec- 
tional imaging methods already has been reflected in declines 
to date, competition from endoscopy was thought to repre- 
sent the largest current and future determinant of the number 
of procedures likely to be performed. In the past several 
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years, gastroenterologic publications have suggested increas- 
ingly that panendoscopy should replace barium enemas of 
the upper gastrointestinal tract [2-4]. Endoscopists have 
suggested further that patients with gastrointestinal bleeding 
or with polyps found at sigmoidoscopy should have colonos- 
copy rather than a barium enema as their first examination of 
the colon [5-7]. Because gastroenterologists are the primary 
educators of practitioners and medical students in gastroin- 
testinal diagnostic methods, it is likely that progressively fewer 
physicians will consider radiologic studies to be the appropri- 
ate initial gastrointestinal examinations. 

In our opinion, the results of this survey indicate that the 
present downward trend in the numbers of gastrointestinal 
procedures performed almost certainly will persist. The 
steadiness of the decrease in the numbers of examinations, 
as indicated by their virtually straight-line decline, strongly 
suggests that this trend is likely to continue. Furthermore, the 
financial incentive provided by endoscopic fees ensures that 
gastroenterologists will continue to encourage endoscopy as 
the primary means of examining the gastrointestinal tract. For 
the near future, this probably will be the major factor adversely 
affecting the numbers of radiologic studies performed. 
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Perspective 


Endorectal Sonography of the Prostate: Clinical 


Implications 


Matthew D. Rifkin’ 


The use of conventional imaging techniques, such as plain 
film radiography, CT, radionuclide scintigraphy, and transab- 
dominal sonography, to detect prostatic cancer has been 
ineffective [1-3]. Despite earlier claims to the contrary, MR 
imaging applied for the same purpose has been hampered by 
the inability to consistently and reliably differentiate prostatic 
cancer from benign prostatic hypertrophy or prostatitis, com- 
mon processes that may coexist with cancer [4-6]. 

Technological refinements in sonographic equipment de- 
signed for endorectal use have progressed to the point where 
high-resolution images of the prostate are obtainable on a 
routine basis [7-9]. Attention can now be focused on the 
application of this technique to the detection and staging of 
prostatic cancer. 

While prostate cancer is rare in men under 40 years of age, 
the incidence of malignancy increases geometrically with age 
[10]. Many of these tumors, however, are slow growing and 
remain subclinical and undetected. Even when detected and 
treated they are not necessarily fatal. In some patients pros- 
tate cancer may be virulent, presenting at an advanced stage 
as early as the fifth decade of life, and may be associated 
with high mortality rates. In the United States, the long-term 
stability of the ratio of new cases of prostate cancer reported 
each year (97,000) to deaths from prostatic cancer each year 
(27,000) highlights the enigma of this disease, namely that its 
natural history in some is indolent and not life-threatening 
whereas in others it is quite the opposite [11]. 

Additionally, the relationship between tumor size at the time 
of discovery and clinical outcome has not been fully estab- 
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lished. Some investigators have suggested that histologic 
differentiation and stage are a function of tumor volume with 
a direct relationship between size, poor differentiation, and 
an advanced stage [12, 13]. Others have shown that some 
prostatic neoplasms may be poorly differentiated and aggres- 
sive right from the start [14]. Additionally, the poorly differ- 
entiated lesion may not be lethal. 

The complex natural history of prostatic cancer must be 
given equal attention in the evaluation of endorectal sono- 
graphic techniques as a possible replacement for digital rectal 
examination in screening patients for cancer of the prostate. 
Early detection by any technique is of value only to the extent 
that a course of events and patient outcome are favorably 
influenced. 

This paper reviews the current status of endorectal sonog- 
raphy of the prostate with the foregoing considerations as a 
background. Equipment, techniques, applications, and normal 
and pathologic anatomy of the prostate are described. 


Materials and Methods 


Various types of sonographic equipment have been developed for 
endorectal sonography. Some endorectal sonographic equipment 
displays images in the transverse (axial) orientation. Many of these 
transducers rotate and image in a continuous 360° circle and are 
also known as radial scanners. Other equipment presents images in 
a longitudinally (sagittally) oriented projection. Recently, biplane 
probes, able to image the prostate in both sagittal and axial orienta- 
tions, have been developed. Regardless of the equipment, a dispos- 
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able, commercially available condom is placed over the transducer 
so that the risk of contamination is essentially eliminated. Water is 
used for acoustic coupling between the condom and the transducer 
tip. Patients are examined in the left lateral decubitus, lithotomy, or 
knee-chest positions. No patient preparation is usually required. 

In recent years the initially used 3.5-MHz transducers, which were 
not optimal for evaluation of superficially placed structures, have been 
replaced by 5- to 8-MHz transducers with sharply focused near-fields. 
These permit higher resolution of the prostate gland that is superfi- 
cially placed in relation to the rectum. 


Normal Anatomy 


The traditional concepts of prostate lobar anatomy that 
divided the gland into anterior, middle, posterior, and two 
lateral lobes are no longer used to describe the gland histo- 
logically. Recent studies have described the prostate as being 
divided into periurethral, acinar glandular, preprostatic, and 
fibromuscular tissue [12, 15, 16]. The periurethral tissue is a 
small area that lines the urethra and extends from the bladder 
neck to the verumontanum. The acinar tissue is divided into 
central and peripheral zones. The peripheral zone encompas- 
ses an area of the gland posteriorly and laterally, with a small 
portion extending anterolaterally. It also includes most of the 
apex of the prostate. The central acinar zone is smaller than 
the peripheral acinar zone (about 25% of total volume) and is 
more centrally placed. The anterior portion of the prostate is 
composed of fibromuscular tissue. A transitional zone, the 
preprostatic tissue, is quite small and is histologically similar 
to the peripheral zone, but drains into the periurethral ducts. 
The transitional zone is situated between the anterior fibro- 
muscular zone and the peripheral zone at the distal aspect of 
the prostatic sphincter (Fig. 1) [12, 15, 16]. 
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Fig. 1.—Normal prostate anatomy. Line dia- 
grams in sagittal (A) and coronal (B) orienta- 
tion show peripheral (P) and central (C) acinar 
tissue. U = periurethral glandular tissue. Tran- 
sitional zone (T) and anterior fibromuscular (F) 
tissue are shown. Verumontanum (V) and sem- 
inal vesicles (SV) are also noted. 


Pathologic Anatomy 


The peripheral acinar zone is selectively involved by neo- 
plasia and inflammation. Specifically, prostate cancer selec- 
tively originates in the acinar tissue in the peripheral zone. As 
the tumor enlarges, it progresses along the tissue planes of 
the prostate, and only when it reaches a certain size does it 
extend either into the central zone or beyond the confines of 
the capsule, or both. The exact mechanism of lethal cancers 
is controversial. One group has estimated that distant metas- 
tasis (i.e., to lymph nodes and/or bone) will occur only when 
the tumor reaches approximately 1 to 1.5 ml in volume [12, 
13]. Others do not subscribe to this theory and believe that 
other (not yet clearly defined) factors are important. 

Prostatitis also originates selectively in the peripheral zone, 
as does cancer [12, 15]. Chronic inflammation may lead to 
atrophy of the gland at a late stage. 

Benign prostatic hyperplasia selectively occurs in the tran- 
sitional (preprostatic) zone or, less commonly, in the periureth- 
ral glandular tissue [16]. It may distort the size and shape of 
the gland or cause capsular bulge. Benign hyperplasia, how- 
ever, does not invade the prostatic capsule [7]. 


Cancer Staging and Therapeutic Rationale 


Prostatic cancer is generally grouped into four stages, some 
with substages: 

At stage A, the cancer is neither clinically palpable on digital 
rectal examination nor clinically suspected. Stage A, is char- 
acterized by a small focus and stage Az, by diffuse involve- 
ment of the prostate. 

At stage B, there is a palpable lesion without pathologic 
extension beyond the prostate capsule. Stage B, is charac- 
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Fig. 2.—Normal endorectal sonographic anatomy. Radial (A) and lon- 
gitudinally oriented linear array sonograms of the midline (B) and the 
lateral (C) aspects of the prostate show normal homogeneous prostate 
tissue (arrows). The normal peripheral and central acinar tissue cannot be 
differentiated. Hypoechoic periurethral tissue (open arrows) is defined. 
Portions of seminal vesicles (SV), the fluid-filled urinary bladder (B), and 


terized by a small focus and stage B; by multifocal or diffuse 
involvement. 

At stage C, there is a palpable lesion with extension beyond 
the capsule. 

At stage D, there is regional or distant metastases. 

Therapeutic choices for prostate cancer vary with clinical 
stage at diagnosis. Stage A and stage B tumors are potentially 
cured by radical prostatectomy. Stage C and stage D lesions 
are usually treated with radiation, chemotherapy, or hormonal 
therapy with the goal being palliation. 

The lethal potential of prostatic cancer is a function of 
several factors, many of which remain undefined. In many 
cases, a large cancer volume is associated with poor differ- 
entiation and invasion [13]. In others, size does not play the 
same predictive role. 


Normal Sonographic Anatomy 


Unlike the normal gland, which in vivo is rounded in the 
axial orientation, the use of water in the rectum (during the 
endorectal sonogram) compresses the pliable posterior por- 
tion of the prostate. Thus, the normal axial endorectal sono- 
gram depicts the prostate as semilunar in shape. Periurethral 
glandular tissue is slightly hypoechoic compared with the 
remainder of the gland. The normal peripheral and central 
acinar zone and the transitional zone are homogeneous and 
indistinguishable from each other (Fig. 2). 

The seminal vesicles are seen in long axis on axial images 
and in cross-section on longitudinal scans. They are slightly 
less echogenic than the prostate and usually symmetric in 
size, shape, position, and echogenicity. The seminal vesicles 
and the base of the prostate are visualized best when the 
urinary bladder is partially filled with urine. 


acoustic shadowing from symphysis pubis (SP) are noted. Rectum is also 
identified on all three images. (Longitudinal scans usually image the rectum 
at the top of the screen and the prostate toward the bottom of the screen. 
This is true regardless of patient position.) (R) = toward patient’s right 
side (A). 


Imaging of Prostate Pathology 
Sonography of Benign Hyperplasia 


Benign prostatic hyperplasia has a variety of appearances. 
The well-defined, centrally placed adenoma produces an echo 
pattern that is variably less, more, or equal to the remainder 
of the gland. Frequently, a very thin hypoechoic halo sur- 
rounds the hyperplastic nodule. When the adenoma is well 
marginated, centrally placed, and evolves from the central 
area (the most common variety), the peripheral zone of acinar 
tissue is slightly compressed and clearly defined (Fig. 3). In 
certain individuals, multiple adenomas are present. Diffuse 
benign change may involve the central and peripheral acinar 
and periurethral glandular tissue. In these cases, diffuse, ill- 
defined areas of increased and decreased echogenicity may 
be noted. 


Sonography of Prostate Cancer 


Small prostate cancers usually are detected in the periph- 
eral acinar zone and are generally hypoechoic (Fig. 4). They 
are typically adjacent to, but do not necessarily erode, the 
capsule. These lesions may not be palpable when less than 
1 cm in diameter, even though they are clearly seen by 
endorectal sonography. As the tumor increases in size, its 
echogenicity may change slightly. The purely hypoechoic 
lesion may become predominantly hypoechoic, but with scat- 
tered echoes (Fig. 5). With further increase in size, the sono- 
graphic characteristics may change even more. Instead of the 
predominantly hypoechoic areas seen in small lesions, isoe- 
choic (Fig. 6) or slightly hyperechoic characteristics can be 
noted, occasionally with no areas of decreased echogenicity 
(Fig. 7). Foci of hyperechogenicity are usually subtle and 
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distinctly different from calculi, which produce brighter echoes 
regardless of size and usually cause acoustic shadowing. The 
echogenic findings seen in larger cancers may occur even at 
a size that is not detectable by palpation. The evolution of 
echogenic patterns may reflect invasion rather than the neo- 
plastic tissue itself. 

Lesions that invade the prostatic capsule cause a loss of 
normal hyperechogenicity of the capsule (Fig. 6) [17]. This 
appearance varies with the degree of tumor extension. Benign 
lesions do not invade the capsule or the surrounding tissue. 
Subtle adenopathy may sometimes be identified with cancer 
(Fig. 8), a sign of a stage D tumor. 

The reason for changes in echogenicity in various Cancers 
is unclear. Small cancers are hypoechoic and distinctly differ- 
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Fig. 3.—Benign adenoma. Radial (A) and lin- 
ear array (B) images show a well-defined nodule 
that is slightly hypoechoic in comparison with 
peripheral gland. The more echogenic peripheral 
gland is situated posterior and lateral to the 
adenoma. A hyperechoic focus, a calculus, is 
also seen (arrowhead). SV = seminal vesicle; 
(H) = toward patient’s head (B). Arrows indicate 
margins of prostate. 


Fig. 4.—Nonpalpable prostate cancer. Mag- 
nified view of prostate obtained with a longitu- 
dinally oriented linear array examination (A) 
shows a Clinically unsuspected, nonpalpable, 5- 
mm, hypoechoic (arrows) cancer. A second can- 
cer (B) in a different patient shows small hypo- 
echoic cancer on right side (arrows) on radial 
scan. 


ent from adjacent normal prostate tissue. With infiltration, 
there is a loss of the normal homogeneous texture of the 
prostate. Both an increased number of interfaces and perhaps 
a desmoplastic reaction (in some lesions) are likely causes of 
increased echogenicity [7]. 


Sonography of Inflammatory Disease 


Prostatitis usually involves the peripheral acinar zone and 
appears as subtle hypoechoic foci or a hypoechoic ring on 
sonographic images [18]. With time, diffuse inhomogeneous 
echogenicity may develop, presumably as a result of atrophy, 
infarction, or fibrosis. Abscesses and cysts have been identi- 
fied in both the prostate and seminal vesicles and have the 
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Fig. 5.—Prostate cancer. Scan shows a stage 
B2 cancer (arrows) in entire lateral portion of 
prostate. While predominantly hypoechoic, it has 
areas of mixed and slightly increased echogenic 
foci. SP = symphysis pubis; (H) = toward pa- 


ENDORECTAL SONOGRAPHY OF THE PROSTATE 


Fig. 6.—Prostate cancer with capsule inva- 
sion. Linear array examination of prostate in 
sagittal orientation shows an isoechoic stage C 
cancer (arrows) that has invaded beyond the 
posterior capsule. B = bladder. 
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Fig. 7.—Prostate cancer. Longitudinally ori- 
ented endorectal sonogram of lateral portion of 
prostate shows diffuse, subtle, and slightly hyper- 
echoic involvement (arrows). The prostate is dif- 
fusely infiltrated with tumor. B = bladder; SV = 


tient’s head. 


Fig. 8.—Prostate cancer and adenopathy. Ra- 
dial scan of prostate shows small hypoechoic 
focus (arrows) involving posterolateral aspect of 
prostate. An involved subcentimeter lymph node 
(arrowhead) is adjacent to the cancer (a stage 
D malignancy). P = prostate. 


Fig. 9.—Transperineally guided biopsy of 
prostate cancer. Longitudinally oriented sono- 
gram shows prostate (P), fluid-filled urinary blad- 
der (B), and a portion of the seminal vesicle (SV). 
A small 5 x 10 mm hypoechoic cancer (arrows) 
is identified, as are the echogenic reflections 
from a sonographically guided biopsy needle 
placed into the lesion. An 18-gauge core biopsy 
needle was used, and area of tissue extraction 
corresponds to slashes. 


characteristic sonographic appearances of simple cysts or 
complicated fluid collections [19]. 


Biopsy Techniques 


Clinically nonpalpable lesions can be accurately biopsied 
only with sonographic guidance. For palpable nodules endo- 
rectal sonographically guided transperineal biopsy is more 
accurate than conventional guidance, using a finger placed in 
the rectum [20, 21]. Either the radial (axial) or sagittally 
oriented scanner can be used. However, the longitudinal 
image of a sagittally oriented scanner defines the needle tip 
and the exact site of tissue extraction more clearly than does 
an axial scanner (Fig. 9) [17]. 

The technique of biopsy is quite simple. With the longitu- 
dinally oriented probe within the rectum, the biopsy needle is 





seminal vesicle. 





placed into the perineum parallel to the long axis of the 
imaging crystals of the transducer. The needle is then ad- 
vanced into the periprostatic area under continual sono- 
graphic guidance and directly into the tissue to be biopsied. 
While core biopsies can be obtained with a high degree of 
accuracy [20], lesions can also be diagnosed by cytologic 
techniques by using thin needles [22]. Accuracy approaching 
100% is possible in obtaining adequate and proper tissue 
with the endorectal sonography-guided transperineal biopsies. 


Other Uses 


The use of the endorectal scanner has also been effectively 
employed for the evaluation of men with bladder outlet ob- 
struction [23] and others with spinal cord trauma and other 
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neurosensory defects [24]. The longitudinally oriented trans- 
ducer must be employed to delineate the entire posterior 
urethra and the bladder neck in a single scan. 


Clinical Implications 


Sonography is capable of detecting malignant lesions in a 
large percentage of cases. Although some studies have 
shown that many cancers can be identified by endorectal 
sonography, available scientific data are inadequate to clearly 
delineate the accuracy, true sensitivity, specificity, and posi- 
tive and negative predictive values for specific diagnoses. All 
types of lesions have been associated with the different 
disease processes that affect the prostate. Thus while the 
ability to detect disease is high, the specific diagnosis is not 
(7, 9]. There is extensive overlap among benign hypertrophy, 
malignancy, and prostatitis. Biopsy, therefore, remains essen- 
tial to establishing the true nature of a sonographically abnor- 
mal area. 

To date, no large-scale studies have substantiated the role 
of endorectal sonography as a screening test. However, there 
is promise for the future in this respect. Any assessment must 
take into account the natural history of the genesis and spread 
of the prostatic cancer. While lesion size may be a determining 
factor for spread, it does not necessarily imply lethality. While 
the number of cases of prostate cancer detected in men 
increases yearly, the absolute number and ratio of deaths per 
cancer have not changed. Clearly, more men die with their 
cancer than from their cancer. 

Can the lethal cancer be cured by early detection? Can the 
lethal cancer be differentiated from the less invasive and 
possibly nonlethal lesion [14, 25, 26]? Can men with cancer 
be distinguished from those without cancer economically? 
Can endorectal sonography replace digital rectal examination 
as the most effective screening procedure for detecting po- 
tentially curable, clinically unsuspected prostate cancer? Will 
sonography have the ability to change the lifespan of these 
cancers and the life history of tumors diagnosed by screen- 
ing? 

These questions have not yet been answered. While en- 


-+.dorectal sonography clearly can detect disease, large-scale, 


carefully conducted studies are necessary to determine the 
true potential of this highly improved new technology. 
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CT Evaluation of Gracilis 
Myocutaneous Vaginal 
Reconstruction After Pelvic 
Exenteration 





After pelvic exenteration for cancer, the gracilis muscles, skin, and subcutaneous fat 
from the inner aspect of beth thighs may be raised as a pedicle flap and tunneled under 
the skin into the pelvic space to create a neovagina. We reviewed nine pelvic CT 
examinations in six patients to evaluate the CT appearance of this procedure and its 
complications. Five patients are alive and without complications. One patient died 6 
months after surgery and had a small-bowel fistula to the neovagina. Normal CT findings 
included air in the vaginal canal in six of nine examinations, gracilis muscle atrophy in 
two patients who had early and late CT studies, and early separation of the anterior and 
posterior approximation of the flaps in one patient. Abnormal findings were seen in two 
patients: one had an abscess near the vaginal apex that was drained per vagina; the 
other had extraluminal air in the retropubic and subcutaneous fatty tissues due to a 
small-bowel fistula into the vagina. 


Pelvic exenteration is an important surgical treatment for the cure and control of 
recurrent gynecologic malignancy. Although 50% of carefully selected patients may 
be cured of the disease, the procedure has considerable morbidity, including 
prolonged healing and inadequate vaginal function [1]. Several surgical procedures 
have been advocated for the reconstruction of a functioning vagina after pelvic 
exenteration [2]. The bilateral gracilis myocutaneous flap reconstruction pioneered 
by McCraw et al. [3] is one such procedure (Fig. 1). In this procedure, the gracilis 
muscles including the skin and subcutaneous fat from the inner aspect of each 
thigh are raised and rotated on their neurovascular pedicle and tunneled under the 
skin into the pelvic space to create a neovagina. This provides immediate anatomic 
restoration of a functioning vagina without prolonging convalescence, since it is 
usually performed simultaneously with pelvic exenteration. 

We reviewed the CT scans of six patients with pelvic exenteration who had 
gracilis myocutaneous vaginal reconstruction to determine the CT appearance of 
the neovagina and the complications of the procedure. 


Materials and Methods 


We identified seven women who had simultaneous gracilis myocutaneous vaginal recon- 
struction from the medical records of 22 patients undergoing total pelvic exenteration. Six of 
these had at least one postoperative CT examination. A total of nine postoperative pelvic CT 
scans of these six patients were reviewed, and the findings were correlated with the clinical 
records. The six women were 26-68 years old (median, 42) at the time of vaginal reconstruc- 
tion. Five patients had pelvic exenteration for recurrent cervical carcinoma and one for urethral 
carcinoma. Four patients with cervical carcinoma were initially treated with irradiation and 
one was treated with both irradiation and radical hysterectomy. The single patient with 
urethral carcinoma invading the bladder wall, vagina, and pubic bone had initial total pelvic 
exenteration followed by irradiation at the time of diagnosis. The interval from initial diagnosis 
to pelvic exenteration ranged from 0 to 8 years (mean, 2.6 years). 

Nine pelvic CT examinations were available for review. Five examinations were performed 
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Fig. 1.—Vaginal reconstruction by using the gracilis muscle. 

A, Origin of myocutaneous pedicle on inner aspect of thigh shows skin 
(S), subcutaneous fat (F), inner muscle (M). 

B, Flap is rotated, tunneled under skin, and exteriorized through intro- 
itus. Pedicles are sutured together to create a neovagina. 

C, Neovagina is inserted into pelvis. Thigh skin forms inner lining of 
vagina. It is surrounded with subcutaneous fat and gracilis muscle laterally. 


within the first 3-4 weeks after exenteration and vaginal reconstruc- 
tion. Four examinations were performed 4-18 months after surgery. 
Two patients who had scans within the first month had later scans 
as well. In one patient both CT examinations were within the first 
month. 
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Results 
Clinical 


Postoperative complications related to the vaginal recon- 
struction within the first month after surgery included three 
patients with drainage from the vagina. Two patients re- 
sponded well to conservative local treatment. The third patient 
required transvaginal drainage of an abscess in the neovaginal 
apex that cultured Proteus mirabilis. One patient developed 
a fistula from the small bowel to the neovagina 5 months after 
exenteration. This was treated with a Miller-Abbott tube and 
suction; however, the patient died 1 month later. No other 
late complications were observed. 

Clinical follow-up in the six patients ranged from 1 to 72 
months (median, 18 months; mean, 22 months). The single 
patient with a small-bowel fistula died 6 months after exen- 
teration. The other five have a well-functioning neovagina. 
Four of these patients have no local problem in the pelvis; the 
one patient with urethral carcinoma has evidence of residual 
disease. 


CT Findings 


Figure 2 shows the normal CT appearance of the gracilis 
myocutaneous vaginal reconstruction. Gracilis muscle atro- 
phy, presumably caused by absent innervation and lack of 
muscle function, was observed in two patients 8 and 15 
months after surgery. In one patient the decreased muscle 
size was estimated at nearly 50% (Fig. 2). Atrophy in the 
second patient was slight (Fig. 3). There was a suggestion of 
muscle atrophy in a third patient who had both CT examina- 
tions within the first month; however, muscle atrophy could 
not be distinguished clearly from resolving postsurgical 
edema. In all patients only a small amount of soft tissue was 
seen posterior to the symphysis pubis. Air within the vagina 
itself was a frequent finding in both early and late CT exami- 
nations. It could be identified in six of nine studies, usually 
appearing in the midportion of the neovagina. It was usually 
seen as a small bubble of air, although one patient had a 
large amount of air in the neovagina (Fig. 3). The amount and 
distribution of air was comparable on both early and late 
examinations. In one patient air collections were seen in the 
extreme anterior and posterior positions at the approxima- 
tions of the two flaps on an early postoperative CT scan. This 
air eventually resorbed as the vagina contracted with time 
(Fig. 2). 

Abnormal findings identified by CT were seen in two pa- 
tients. One patient had a 6- by 3-cm fluid collection near the 
vaginal apex 3 weeks after surgery (Fig. 4). This was drained 
through the vagina and cultured Proteus mirabilis. The only 
late complication identified with CT was the presence of air 
bubbles in the subcutaneous fat of the neovagina and retro- 
pubic soft tissues due to a small-bowel fistula into the neo- 
vagina (Fig. 5). 


Discussion 


A number of surgical procedures are available for the 
reconstruction of a functional vagina after radical pelvic sur- 
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Fig. 2.—A, CT scan 3 weeks after surgery 
shows normal anatomy of gracilis vaginal re- 
construction. Gracilis muscle is situated lat- 
erally (open arrows). Subcutaneous fat (f) is 
medial. Skin of thigh forms vaginal lining (solid 
arrow). Air may be normally seen in vagina or 
at anterior or posterior anastomoses (arrow- 
heads). 

B, 15 months after surgery. Gracilis muscle 
(arrows) has atrophied. Air has resolved at 
anterior and posterior anastomoses. 


Fig. 3.—A, Normal anatomy 2 weeks after 
vaginal reconstruction. Laterally situated gra- 
cilis muscle (solid arrows) with edematous and 
fibrotic surrounding fascial tissues (open ar- 
row). Air is seen within vaginal canal. 

B, 18 months after surgery. Gracilis muscle 
has atrophied and edema in fascial tissues has 
regressed. 


Fig. 4.—Postoperative abscess. Fluid col- 
lection (arrows) is present behind vaginal apex 
3 weeks after surgery. 


Fig. 5.—Small-bowel fistula to neovagina 5 
months after surgery. Air bubbles are seen in 
subcutaneous fat (solid arrow) and behind 
symphysis pubis (open arrow). Air resulted 
from small-bowel fistula. Streak artifact is from 
surgical clips. 


CT AFTER VAGINAL RECONSTRUCTION 
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gery [2]. One of the popular techniques for creation of an 
artificial vagina is a pedicle flap using the gracilis muscle [3, 
4]. In this procedure, a long, wide pedicle including skin; 
subcutaneous tissue; gracilis muscle; and the fasciae of the 
adductor longus, adductor magnus, and semimembranosus 
muscles are dissected from the inner aspect of each thigh 
(Fig. 1). The flap is then rotated posteriorly along with its 
neurovasculature from a point situated 6-8 cm from the pubic 
tubercle and passed under the skin into the newly dissected 
vaginal space. The borders of the flaps are approximated to 
create a new vagina, which is anchored to the presacral fascia 
and anastomosed to the remaining vulvar tissues. The mus- 
cular and subcutaneous tissues are on the exterior of the 
vagina, with the thigh skin forming the inner lining. 

The gracilis muscle flap is particularly efficacious in that it 
can be performed simultaneously with pelvic exenteration, 
providing not only a neovagina, but also serving as a means 
of reconstructing the pelvic floor. McCraw et al. [3] reported 
satisfactory results in most patients. Of 22 patients, hema- 
toma and infection developed in six, flap necrosis in eight, 
and stenosis in one [3]. Others have achieved successful 
vaginal reconstruction in 86% of 21 patients [4]. 

With proper motivation and patient cooperation, clinical 
experience has shown that an artificial vagina may offer 
successful postoperative sexual adjustment. A further advan- 
tage of the procedure is that it interposes a considerable 
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amount of tissue between the introitus and the abdominal 
contents. This prevents the intestine from adhering to the 
dependent portion of the pelvis, preventing intestinal obstruc- 
tion or fistula. Complications include hematoma, infection, or 
flap necrosis [3]. 

The CT appearance of the pelvis after construction of a 
neovagina is variable. The gracilis muscle may be quite large 
in early postoperative examinations, but it atrophies with time. 
Air within the midportion of the vagina and near the anterior 
and posterior approximations is a normal feature on early 
postoperative CT scans. Infection may lead to fluid collections 
behind the symphysis pubis or in the presacral region poste- 
rior to the vagina. Small-bowel fistulas may occur as a late 
complication and should be suspected if CT shows air in the 
subcutaneous fat or extraluminal gas behind the symphysis 
pubis. 
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Case Report 





Papillary Adenocarcinoma of the Rete Testis: Sonographic 


Findings 


Steven J. Smith,’ Robert L. Vogelzang,” Wilfrid M. Smith,? and Michael J. Moran‘ 


Cystic neoplasms of the testis are rare, and adenocarci- 
noma of the testis is even more rare. There are twenty-two 
reported cases of adenocarcinoma in the urologic and path- 
ologic literature, none with sonographic correlation [1]. We 
present the sonographic findings and pathologic correlation 
in a case of papillary adenocarcinoma of the rete testis. 


Case Report 


A 36-year-old man who was otherwise in good health complained 
of a swollen left testis that had recently increased in size. Physical 
examination revealed an irregular, soft, nonpainful, and enlarged left 
testis. 

Real-time sonography showed a well-marginated multicystic, sep- 
tated, intratesticular lesion in the upper pole of the left testis. The 
cysts contained some nodules of solid echogenic material; a few 
small nodular structures were noted on the septations (Fig. 1). 

A left radical orchiectomy was performed. Gross pathologic ex- 
amination showed cystic structures adjacent to the epididymis just 
beneath the tunica albuginea. On section, multicystic spaces mea- 
suring up to 1 cm and containing a clear, slightly mucoid material 
(Fig. 2) were noted. Microscopic study revealed a localized multiloc- 
ulated cystic neoplasm. The lining epithelium was varied; some por- 
tions had a columnar epithelium similar to that of the rete testis and 
other areas had a neoplastic lining with distinct intracystic papillary 
projections (Fig. 3). In addition, multiple neoplastic papillary islands 
with vascular cores were seen floating in the cyst fluid and corre- 
sponded to the echogenic material within the cysts seen on sonog- 








Received October 14, 1986; accepted after revision December 15, 1986. 


raphy. The tumor cells had vesicular oval nuclei with occasional 
nucleoli and hyperchromasia. No involvement of the epididymis or 
spermatic chord was found, and the malignant cells remained within 
the cyst in all sections. The lesion was classified as a low-grade 
papillary adenocarcinoma of the rete testis. 


Discussion 


Papillary adenocarcinoma of the rete testis arises from the 
nonspermatogenic epithelium of the intratesticular excretory 
ducts. It almost always occurs at the superior pole of the 
testicle in the mediastinum testis, but may invade the corpus 
or the epididymis [2j. Jacobellis et al. [3] state that the 
diagnosis of adenocarcinoma of the rete testis is difficult to 
make pathologically and that the tumor can only be confidently 
diagnosed if it lies in the mediastinum and if there is transition 
from normal epithelium to neoplasm in the rete testis. In a 
review of 22 reported cases, Fukunaga et al. [1] noted that 
these lesions are most common in the fourth and fifth decades 
as compared with the younger age distribution of other testis 
cancers. The biologic behavior of the tumor is variable. Some 
case reports describe a good result and prognosis with radical 
orchiectomy only, but in others rapid metastatic spread oc- 
curred despite chemotherapy and/or radiotherapy. There is 
no established treatment protocol other than radical orchiec- 
tomy [1]. 
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A variety of cystic lesions of the testis have been described, 
including congenital simple cysts [4] and cystic dysplasia of 
the testis; the sonographic appearance of the latter was 
described by Cho and Kosek [5]. These dysplastic processes 
are described as having clear fluid with no nodular or solid 
components and cysts of varying size [4, 6]. The great 
majority of testicular tumors are solid and predominantly 
hypoechoic on sonographic examination [7]. Teratomas may 
occur as partially or mostly cystic neoplasms, but have no 
predilection for the mediastinum testis region. Most have 
associated solid areas. Other cystic neoplasms such as epi- 
dermoid cyst also rarely occur in the testis. 

In our case, the sonographic findings of nodular septations 
with intracystic solid components suggested a neoplastic 
rather than dysplastic process. Although this disease has not 
to our knowledge been previously described in the radiologic 
literature, the sonographic findings correlate well with the 
pathologic findings and with previous pathologic reports [1]. 
It should be noted that this neoplasm may occur as a solid 
tumor as well [8]. Adenocarcinoma of the rete testis should 


SMITH ET AL. 


AJR:148, June 1987 


Fig. 1.—Sonogram. 

A, 5-MHz transverse view of both 
testes through a water bath shows mul- 
ticystic mass (black arrows) in upper 
pole of left testis. Internal low-level 
echogenic material can be seen (white 
arrows). 

B, 8-MHz examination shows multi- 
ple cysts with echogenic intracystic 
mass (arrow). Other cysts contain ma- 
terial of low-level echogenicity. 


Fig. 2.—Gross photograph of hemi- 
sected left testis shows multiple fluid- 
filled cysts (straight arrows) beneath 
tunica and adjacent to epididymis 
(curved arrow). 


Fig. 3.—Photomicrograph shows 
normal tubules (T) adjacent to cystic 
mass. Note transition (arrowhead) of 
normal columnar to papillary and neo- 
plastic epithelium. Numerous intracys- 
tic intrapapillary structures (asterisks) 
with variable epithelial surfaces are 
seen. These structures correspond to 
echogenic material seen within cysts 
on sonography. 


be included in the differential diagnosis of cystic intratesticular 
masses. 
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Diagnosis of Diseases of the Supraclavicular Region by 
Use of MR Imaging 


J. Bruce Kneeland,’ Gary M. Kellman,'* William D. Middleton,’ James D. Cates," Andrzej Jesmanowicz,’ 


Wojciech Froncisz,' and James S. Hyde" 


The supraclavicular region has always proven to be a 
difficult area to evaluate. Although CT has been valuable in 
the imaging of this region [1], it is limited by its restriction to 
the axial plane, its inability to separate the brachial plexus 
from the subclavian vessels, and the presence of streak 
artifacts. MR imaging with its direct multiplanar capability, its 
excellent soft-tissue contrast, its ability to delineate vessels, 
and its lack of streak artifacts has good potential for the 
evaluation of disease in this area. In addition, the ready 
accessibility of this region to surface-coil imaging enhances 
the potential of MR. 

In a previous article [2] we correlated the anatomy on MR 
images of normal volunteers with those from cryomicrotome 
cadaver sections. In this report we review our experience 
with the first 21 patients with suspected disease of the 
supraclavicular region who underwent MR imaging. 


Materials and Methods 


MR imaging was performed on 21 patients (15 men and six women, 
24-62 years old) with suspected disease in the supraclavicular region. 
Nine of the patients studied were suspected of having masses in the 
supraclavicular region on the basis of history, physical examination, 
or previous imaging study. Eight of the nine suspected masses were 
confirmed by biopsy (soft-tissue tumors) or angiography (vascular 
abnormalities). Ten of the patients were suspected of having injury 
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to the brachial plexus. Eight of the 10 underwent electromyography 
and nerve conduction studies. Three of the 10 underwent surgery. 
The other two patients were suspected of having thoracic outlet 
syndrome. These patients underwent electromyography and nerve 
conduction studies. 

All MR studies were performed with a Signa MR system (General 
Electric) operating at 1.5 T with the body coil used as the transmitter 
and a 10.2-cm-diameter, counter-rotating-current, loop-gap resonator 
as the receiver [3, 4]. The coil was placed directly over the supra- 
clavicular region. Sagittal and coronal spin-echo pulse sequences 
were obtained in all patients with a repetition time (TR) = 2000-2500 
msec and echo time (TE) = 20-25 msec (proton density-weighted) 
and 60-80 msec (T2-weighted). Either sagittal or coronal images with 
TR = 500-600 and TE = 20-25 (T1-weighted) were also obtained in 
all patients. Axial sections with T1-weighting were obtained in some 
patients. The short-TR sequences were obtained with 3- or 5-mm 
sections, no gaps between sections, and a 256 x 256 acquisition 
matrix. The long-TR sequences were obtained with 3-mm-thick sec- 
tions, 1-mm gap between sections, and a 128 x 256 matrix. Two 
signals were averaged in all cases. Suppression of respiratory-motion 
artifact (Exorcist, General Electric) was used in about half the patients. 


Results 


Six of the suspected masses were confirmed as soft-tissue 
tumors by biopsy at surgery and were found to represent 
lipomas in two cases and metastatic breast carcinoma, me- 
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tastatic esophageal carcinoma, Pancoast tumor, and des- 
moplastic tumor in one case each. All six were seen with MR. 
Figures 1 and 2 represent two cases in which involvement of 
the brachial plexus by tumor was shown on the MR study. 
One of the cases was confirmed as being enveloped by tumor 
at surgery; the other had signs and symptoms as well as 
nerve conduction studies consistent with a diffuse brachial 
plexopathy. Figure 3 shows a lipoma that was removed at 
surgery. Two of the suspected masses were shown to rep- 
resent tortuous vessels at angiography. In both cases MR 
showed a tortuous vessel, as seen in Figure 4, although the 
identity of the vessel was not established. In the final case of 
a suspected mass, no mass was seen by MR. However, 
neither CT within 3 days after MR nor a repeat physical 
examination disclosed a mass either. 

One of the 10 patients with brachial plexus injury had a 
nondiagnostic study because of respiratory-motion artifacts. 
Four of the other nine patients had normal-appearing MR 
studies. Of these four, three had only minimal signs and 
symptoms of brachial plexus injury and received no further 
evaluation. The fourth had complete loss of motor and sen- 
sory functions of the upper extremity and a nerve conduction 
study consistent with complete disruption of the brachial 
plexus. Of the other five cases, two showed marked distortion 
of the nerves with the presence of one or more abnormal 
soft-tissue masses, as shown in Figure 5. These two cases 
were surgically confirmed as having complete disruption of 
multiple nerve roots and posttraumatic neuromas. (Posttrau- 


Fig. 1.—Coronal sections through left supra- 
clavicular region show metastasis (M) from 
breast carcinoma. TR/TE = 500 msec/20 msec 
(A) and 2000/70 (B). Metastasis is contiguous 
with nerves in region of junction of cervical 
nerves and brachial plexus. Invasion of nerves 
was confirmed at surgery. Cervical nerves (black 
arrows); axillary portion of brachial plexus (ar- 
rowhead). sa and white arrow = subclavian 
artery. 


Fig. 2.—Coronal (A) and sagittal (B) sections 
through right supraciavicular region show Pan- 
coast tumor mass (M). TR/TE = 2000/20. Mass 
displaces subclavian artery (sa and white arrow) 
superiorly. On sagittal view, tumor is contiguous 
with two cords of brachial plexus (two lower 
arrowheads). Approximate junction of cervical 
nerves and brachial plexus (black arrows); bra- 
chial plexus (arrowheads). 


matic neuromas are tangles of regenerating nerve fibers often 
seen after severing a nerve.) A third case showed a diffuse 
increase in signal intensity of the nerve cords on T2-weighted 
images (Fig. 6). An abnormal wavy or tortuous appearance 
was seen in two other cases (Fig. 7). 

The two cases with suspected thoracic outlet syndrome 
both had normal-appearing MR studies. Nerve conduction 
studies in these patients were normal. No further evaluation 
was performed in either patient. 


Discussion 


In the limited number of cases studied, MR imaged all the 
masses in the supraclavicular region that were proven by 
biopsy or surgery, and MR correctly characterized two sus- 
pected masses as representing tortuous vessels. MR directly 
imaged involvement of the plexus by tumor in the two cases 
in which it was suspected and confirmed. Thus, we believe 
that MR has good potential for the evaluation of masses in 
this region. 

The role of MR in the evaluation of posttraumatic brachial 
plexopathy is less clear. Although MR clearly showed post- 
traumatic neuromas, the pathologic significance of other MR 
findings such as increased intensity of the nerves or a tortuous 
appearance is uncertain. A better definition of the role of MR 
must await further studies. 
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Fig. 3.—Coronal sections through lipoma (L) 
in left supraclavicular region. TR/TE = 600/20 
(A) and 2000/70 (B). Lipoma has same signal 
intensity as surrounding fat here as well as on a 
TR/TE = 2000/25 sequence, although no relax- 
ation times were calculated. However, lipoma is 
traversed by numerous low-density fibrous 
bands. There is also some upward bowing (ar- 
rows) of some small vessels overlying lipoma. 
Diagnosis confirmed at surgery. 


Fig. 4.—Coronal section through tortuous 
vessel in right supraclavicular region (arrow- 
heads). At angiography the vessel was shown to 
represent a tortuous branch of the subclavian 
artery. oh = omohyoid muscle. 


Fig. 5.—Axial section through left supraclav- 
icular region in patient with extensive traumatic 
disruption of brachial plexus. TR/TE = 600/20. 
Soft-tissue mass (arrows) between anterior sca- 
lene (as) and middle/posterior scalene (ms) 
muscles corresponds to posttraumatic neuroma 
found at surgery. Two nerve cords (arrowheads) 
extend from mass and terminate abruptly. 








A B 


Fig. 6.—Coronal (A) and sagittal (B) sections through right supraclavicular region after trauma to Fig. 7.—Coronal section through right supra- 
the area. TR/TE = 2500/70. There is diffuse increase in signal intensity of somewhat enlarged clavicular region after trauma to the area. TR/TE 
cervical nerves (arrows) and brachial plexus (arrowheads). (Compare the normal low intensity of | = 2000/25. Cords of brachial plexus (arrowheads) 


nerves in Fig. 1B.) Only one root was found severed at surgery, so the cause of the diffuse increase are thickened and irregular. (Compare normal ap- 

in signal intensity is unknown, although at the time of original trauma (4 weeks before MR) the entire pearance of nerve cords in Fig. 2A.) Although 

plexus had been compressed by hematoma. nerve conduction studies in this patient were dif- 
fusely abnormal, the exact significance of these 
findings is unknown. 


REFERENCES normal anatomy. AJR 1987;148:77-82 
3. Kneeland JB, Carrera GF, Middleton WD, et al. Rotator cuff tears: prelim- 
1. Gebarski KS, Glazer GM, Gebarski SS. Brachial plexus: anatomic, radio- inary application of high-resolution MR imaging with counter rotating 
logic and pathologic correlation using computed tomography. J Comput current loop-gap resonators. Radiology 1986;160:695-699 
Assist Tomogr 1981;6: 1058-1063 4. Froncisz W, Jesmanowicz A, Kneeland JB, Hyde JS. Counter rotating 
2. Kellman GM, Kneeland JB, Middleton WD, et al. High-resolution magnetic current local coils for high resolution magnetic resonance imaging. Mag- 


resonance imaging of the supraclavicular region and brachial plexus: netic Resonance Med 1986;3:590-603 


1152 





Radiologic Management of Musculoskeletal Tumors. By Holger Pettersson, Dempsey S. Springfield, and William 
F. Enneking. New York: Springer-Verlag, 153 pp., 1987. $89 


This short book is intended for members of the “tumor center 
physician team’”—orthopedic surgeons, radiotherapists, oncologists, 
radiologists, and pathologists—who are involved in the definitive 
workup and treatment of patients with musculoskeletal tumors. The 
authors include a distinguished radiologist and two distinguished 
practitioners with a wealth of clinical experience. 

| think that the title of the book is poorly chosen because there is 
no radiologic “management” of musculoskeletal tumors. As the au- 
thors themselves declare in the preface, “ ... the book is intended 
as a concise discussion of modern radiological approaches to the 
operative workup of musculoskeletal tumors.” A more appropriate 
title would have been “The Radiologic Workup of Musculoskeletal 
Tumors” or some similar phrase, rather than “Radiologic Manage- 
ment.” 

Chapters cover general pathologic principles of musculoskeletal 
neoplasia; surgical principles; radiologic evaluation: general remarks; 
diagnostic imaging modalities: technical comments; local behavior of 
the tumor: growth pattern and growth rate; radiologic diagnosis; local 
extent of the tumor; radiologic appearance of the response to treat- 
ment; imaging protocols; and case examples. 

The book contains many excellent teaching points. Some of them 
are perhaps controversial, but they are accepted more easily because 
of the authors’ outstanding reputations. The authors maintain that all 
invasive surgical procedures, including biopsy, should be performed 
in the center where the definitive care will be rendered. They then 
state: “ ... the surgeon assuming responsibility for the patient’s 
surgical management is best suited to plan the biopsy. Referring 
physicians are more likely to make a mistake and should resist the 
temptation to do a biopsy before referring the patient.” The signifi- 
cance of this concept should have been emphasized with several 
illustrative cases. 


The discussion of the different types of surgical margins—intrale- 
sional, marginal, wide, radical—is nicely complemented by two illus- 
trations. Conversely, the discussion of anatomic extent, surgical 
compartments, and surgical stage needs illustrations that are not 
provided. 

The authors discuss “a simplified radiologic classification ... that 
categorizes lesions into latent, active and aggressive stages.” | found 
the terminology confusing, especially the latent category, and | do 
not believe the term latent is used by most radiologists when they 
discuss musculoskeletal tumors. 

The text is illustrated liberally with nice MR images, reflecting the 
authors’ preference for this imaging technique in assessing: (1) ex- 
traosseous and interosseous extension of primary bone tumors and 
(2) in soft-tissue tumors and bone tumors with soft-tissue extension, 
the distinction between tumor and muscle, vessel, nerve, fat, and 
joint. No examples are included of how this improved sensitivity on 
the MR images meaningfully affected patient management. The qual- 
ity of many of the plain films is less than expected for a book of this 
price. 

Other than the title, the major disappointment is that the authors 
only discuss bone and soft-tissue tumors in general and do not 
devote any significant discussion to specific tumors. 

Overall the book is well written, with a minimum of typographic 
errors. | recommend the book for those physicians interested in 
musculoskeletal tumors who have a generous book allowance for 
the maintenance of a “complete” library. The book also should be 
available in hospital and departmental libraries as a reference for 
residents. 
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Articular Cartilage Defects: 
Detectability in Cadaver Knees with 
MR 





The capability of 1.5-T MR imaging to detect focal defects in articular cartilage was 
investigated with cadaveric knees with and without intraarticular injection of saline and 
gadolinium-DTPA (Gd-DTPA). Full-thickness cartilage lesions ranging in diameter from 
1 to 5 mm were surgically created in the femoral articular surfaces. Images were 
acquired with a variety of pulse techniques, slice thicknesses, and interslice gaps as 
well as one or two signal excitations. Potential intraarticular contrast agents (saline and 
Gd-DTPA) were tested, and their signal behaviors compared with that of hyaline carti- 
lage. All cartilage defects were occult on T1-weighted and balanced images without 
Gd-DTPA. The smallest defect identified by using intraarticular saline was 3 mm in 
diameter and was apparent only on T2-weighted images. Intraarticular Gd-DTPA af- 
forded detection of defects as small as 2 mm, even with short imaging times. Signal- 
intensity differences between saline and articular cartilage were minimal on T 1-weighted 
images and increased on T2-weighted images; intensity differences were high between 
Gd-DTPA and articular cartilage on all imaging sequences. 

These results indicate that intraarticular fluid and appropriate selection of imaging 
sequences are necessary for delineation of focal defects in articular cartilage. They 
also show that Gd-DTPA is the optimal contrast agent for this purpose. 


MR imaging has been useful in depicting the normal anatomy of the knee joint 
as well as abnormalities involving the ligaments, menisci, and periarticular soft 
tissues [1-10]. Diagnostic imaging of articular cartilage constitutes an important 
aspect of the clinical evaluation of joint dysfunction. Contrast arthrography, com- 
puted arthrotomography, and arthroscopy have been used in the diagnosis of 
cartilage defects [6, 8, 11]. MR imaging, with its advantages of noninvasiveness, 
superior tissue contrast discrimination, adequate spatial resolution with surface- 
coil techniques, and ability to provide information about both intra- and extraarticular 
soft-tissue structures, is a promising new diagnostic method for evaluating articular 
cartilage defects in traumatic, degenerative, and inflammatory joint diseases. 

On high-resolution surface-coil MR images, articular cartilage appears as two 
apposing layers of intermediate signal intensity adjacent to the dark signal of 
subchondral bone, measuring about 2 mm in thickness at weight-bearing sites [1, 
9, 12]. While MR has been shown to be capable of delineating diffuse cartilage 
loss, its sensitivity in the detection of discrete cartilage defects has not been 
defined. To date, MR has proven to be successful in identifying only gross cartilage 
defects [1-3, 9]. 

To determine the lower limits of MR spatial resolution in detecting cartilage 
lesions, surgical defects were introduced in the articular cartilage of cadaveric 
knees. Optimal imaging parameters were determined for MR, including imaging in 
the presence of cadaveric synovial fluid and the addition of saline and gadolinium- 
DTPA (Gd-DTPA). 
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Materials and Methods 


In Vitro Analysis 


Signal intensities of 0.9% saline and Gd-DTPA-dimeglumine (Mag- 
nevist Schering AG, Berlin, W. Germany) diluted with saline to a 
concentration of 500 uM were measured and compared by using the 
region-of-interest 2.0 system software package [10]. These fluids 
were chosen because of their preferred use as contrast agents in 
another investigation (Hajek PC, Baker LL, Sartoris DJ, Neumann 
CH, Resnick D, unpublished data). MR imaging of the respective 
solutions was performed with a Signa 1.5-T system (General Electric) 
and a standard head coil. Spin-echo pulse techniques were used with 
repetition times (TR) of 600 and 2000 msec and echo times (TE) of 
25 msec, and 20 and 70 msec, respectively. A 128 x 256 data- 
acquisition matrix and one signal average were used. Signal intensi- 
ties of fresh cadaveric articular cartilage were measured and com- 
pared with saline and Gd-DTPA by using system software [10]. 


Cartilage Lesion Analysis 


Six fresh cadaveric knees with intact articular cartilage on the 
femoral condyles (no degenerative erosive changes on gross patho- 
logic examination) were studied. Each joint was surgically opened, 
and five circular, full-thickness (2-mm depth) cartilage lesions were 
created in either the medial or the lateral femoral condyle by using 
precision hand drills. Defects ranged from 1 to 5 mm in diameter (Fig. 
1). Care was taken not to extend lesions beyond the cartilage layer 
into bone or bone marrow. The joint space and soft tissue of the 
knees were then surgically closed in two layers by using interrupted 
sutures. Knees were imaged with a variety of imaging sequences and 
parameters under three conditions: without intraarticular contrast 
material, with intraarticular saline, and with intraarticular Gd-DTPA. 

Imaging was performed on a 1.5-T GE Signa scanner (General 
Electric Medical Systems) with a prototype round 12.7-cm-diameter 
surface coil positioned laterally adjacent to the femoral condyle of 
interest. Spin-echo pulsing sequences (TR/TE) were used for T1- 
weighted single-echo images (600/25 msec) and T2-weighted multi- 
echo images (2000/20, 2000/70 msec). The field of view used rou- 
tinely was 16 cm with contiguous slice thicknesses of 3-5 mm. 
Additional images were acquired with sections 3-mm thick (1.5-mm 





Fig. 1.—Fresh cadaver knee with artificially created cartilage defects 
1-5 mm in diameter. Note incidental degenerative alterations in articular 
cartilage of opposite condyle. 
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intervals) and 5-mm thick (1-mm intervals). Images were obtained in 
the sagittal plane with an acquisition matrix of either 128 x 256 or 
256 x 256, resulting in pixel sizes of 1.25 x 0.625 mm or 0.625 x 
0.625 mm, respectively. Either one or two excitations were used. 
The imaging time per sequence was 1.5-34 min. Images were 
reviewed and compared to establish the size of the smallest detect- 
able cartilage lesion for each combination of imaging techniques and 
intraarticular fluids. Presence or absence of visualization of different- 
sized lesions was used in the determination of accuracy. Measure- 
ment of lesion diameter was not used because of inherent inconsist- 
encies related to pixel size, partial-volume effect, field inhomogeneity, 
and other system specifications. 


Results 


In Vitro Analysis 


Signal-intensity data were expressed as a percentage in- 
dicating contrast present in the image (0% signifying absent 
signal, as for cortical bone; 100% signifying maximum signal 
intensity). For the TR 600/TE 25 sequence, signal-intensity 
difference for saline vs articular cartilage was 7.2%; for 500 
uM Gd-DTPA, 62%. For the TR 2000/TE 20 sequence, signal- 
intensity difference for saline vs cartilage was 5%; for 500 uM 
Gd-DTPA, 60%. For the TR 2000/TE 70 sequence, signal- 
intensity difference for saline vs cartilage was 20%; for Gd- 
DTPA, 65%. 

Signal-intensity differences between hyaline cartilage, sa- 
line, and Gd-DTPA were assessed to determine if there was 
sufficient contrast for cartilage defect visualization. In general, 
signal-intensity differences were highest between cartilage 
and Gd-DTPA (60-65%) on all sequences and lowest be- 
tween cartilage and saline (7%) on T1-weighted sequences. 
The lowest signal-intensity difference affording sufficient con- 
trast for visualization of separate structures was between 
saline and cartilage at 20%. 


Cartilage Lesion Analysis 


Six cadaveric knees with articular cartilage lesions placed 
by precision hand drilling were imaged to document and 
compare the smallest defect seen with various imaging pa- 
rameters in the presence of cadaveric synovial fluid, 0.9% 
saline, and 500 uM Gd-DTPA. These results are summarized 
in Table 1. In general, cartilage defects were not appreciated 
on T1-weighted (TR 600/TE 25 msec) and balanced (TR 
2000/TE 20 msec) images without prior intraarticular injection 
of fluid (Figs. 2B and 3B) unless defects were filled by air 
introduced as an artifact when knee lesions were made. 
However, defects 3 mm or larger were consistently seen on 
T2-weighted (TR 2000/TE 70 msec) images owing to partial 
filling by air and/or existent cadaveric synovial fluid. After 
intraarticular injection of 0.9% (weight/volume) saline, defects 
greater than or equal to 3 mm in diameter were consistently 
and confidently identified with T2-weighted sequences. Intra- 
articular Gd-DTPA allowed for delineation of lesions greater 
than or equal to 2 mm in size on all sequences (Fig. 4). 
Cartilage defects appeared as discrete areas of high-signal 
intensity contrasted by adjacent intact articular cartilage, 
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which was of intermediate signal intensity. The observed 
pattern was consistent with filling of the induced lesions by 
intraarticular fluid (Figs. 2—4). 

Owing to sufficient in vitro signal-intensity differences be- 
tween saline and cartilage on T2-weighted sequences and 
between Gd-DTPA and cartilage on all sequences, cartilage 
lesions were seen equally well with either one (Fig. 4B) or two 
(Fig. 4A) excitations, contiguous or interspaced 3-mm (Fig. 3) 
to 5-mm (Fig. 2) slice thicknesses, and 128 x 256 (Fig. 4D) 
or 256 x 256 (Fig. 4C) data-acquisition matrices. The shortest 
imaging time required for delineation of a 3-mm cartilage 
defect (the smallest detectable lesion in the presence of 
cadaveric synovial fluid or after saline injection) was 5 min 
with interspaced slices (Fig. 3A). This minimum time was 
shortened to 1.5 min with prior intraarticular injection of Gd- 
DTPA and the use of interspaced slices (Fig. 4D). 


Discussion 


Numerous clinical applications for MR imaging have been 
investigated in the evaluation of articular disorders affecting 
the knee and other sites [5, 7, 9, 12, 13] (Hajek PC, Baker 


TABLE 1: Smallest Cartilage Defects Seen in Cadaver Knees 





Smallest Defect Imaged 








Minimum 
Contrast Medium Size TR/TE Imaging 
(mm) (msec) Time 
(min:sec) 
Cadaveric synovial fluid 3 2000/70 9:24 
Saline 3 2000/70 9:24 
Gd-DTPA 2 600/25 
2000/20 2:49° 
2000/70 





Note.—All images were obtained with contiguous 3- and 5-mm slice thick- 
nesses, one and two signal excitations, and 128 x 256 and 256 x 256 data- 
acquisition matrices. TR = repetition time; TE = echo time. 

* Decreased to 1:25 with interspaced slice thicknesses. 


Fig. 2.—A, T2-weighted image (TR = 2000 
msec/TE = 70 msec, 5-mm slice thickness) 
after intraarticular injection of 0.9% (weight/ 
volume) saline (s) shows 3-mm cartilage de- 
fect (arrow). 

B, Balanced image (TR = 2000 msec/TE = 
20 msec, 5-mm slice thickness). Saline (s) and 
articular cartilage (c) exhibit similar signal in- 
tensities, and defect cannot be identified. 
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LL, Sartoris DJ, Neumann CH, Resnick D, unpublished data). 
The technique has proven capable of showing meniscal, 
ligamentous, and adjacent soft-tissue abnormalities as well 
aS gross cartilaginous lesions and degenerative alterations 
involving large segments of cartilage [1, 3, 14, 15]. Since 
intraarticular saline and Gd-DTPA have been shown to signif- 
icantly improve the delineation of subtle structural joint de- 
fects [16], MR arthrography was used to see if cartilage lesion 
detectability could be enhanced. 

In this investigation, full-thickness cartilage defects meas- 
uring 5 mm in diameter could not be identified on either T1- 
weighted or balanced MR images in the presence of saline or 
cadaveric synovial fluid despite imaging times of up to 34 min 
per series with 3-mm contiguous slices, 256 x 256 data- 
acquisition matrices, and two excitations. This limitation is 
explained by the inadequate in vitro signal intensity difference 
(7%) found between articular cartilage and 0.9% saline, and 
by the results of another investigation [16] in which inade- 
quate signal intensity differences were found on T1-weighted 
images between articular cartilage and solutions of human 
serum albumin prepared in concentrations to approximate 
nontraumatic, noninflammatory synovial fluid [16, 17]. On T2- 
weighted images of joints in which no additional fluid was 
injected, recognition of defects of 3-5 mm in size was some- 
times possible because of partial filling by cadaveric synovial 
fluid. This finding is again explained by the results of the 
previous study [16], in which in vitro signal-intensity differ- 
ences between articular cartilage and albumin solutions (pre- 
pared in concentrations similar to normal synovial fluid) in- 
creased to 31% on T2-weighted images. With intraarticular 
saline, cartilage defects of 3-5 mm were consistently and 
confidently detected (Figs. 2 and 3) because of the complete 
filling of the defects by an injection volume of 35 mi and 
sufficient (20%) in vitro signal-intensity difference between 
articular cartilage and saline. Confident appraisal of the quality 
and integrity of articular cartilage thus becomes possible only 
with the use of long-TR/TE imaging sequences in the pres- 
ence of nonproteinaceous or low-protein concentration joint 
fluid. 
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Fig. 3.—Data-acquisition matrix: 128 x 256, 
3-mm contiguous slices, one signal excitation, 
imaging time = 9 min 24 sec. Imaging time 
reduces to 5 min with use of interspaced 
slices. 

A, T2-weighted image (TR = 2000 msec/TE 
= 70 msec) after intraarticular injection of 0.9% 
(weight/volume) saline (s) clearly shows 3- 
and 4-mm cartilage defects. 

B, Balanced image (TR = 2000 msec/TE = 
20 msec). Defects cannot be identified with 
certainty. s = saline. 


Fig. 4.—MR images (TR = 600 msec/TE = 
25 msec) of cartilage defects after intraarticu- 
lar administration of 500 „M Gd-DTPA (G). 

A and B, 5-mm contiguous slices, 256 x 256 
data-acquisition matrix. Smallest defect seen 
(arrows) is 2 mm in diameter, regardless of the 
number of excitations (A, two signal excita- 
tions, imaging time = 10 min 18 sec; B, one 
signal excitation, imaging time = 5 min 11 sec). 

C and D, 3-mm slice thicknesses with 1.5- 
mm interslice gap, one signal excitation. Small- 
est identifiable defect (arrows) was 2 mm in 
diameter, regardless of data-acquisition matrix 
(C, 256 x 256 matrix, imaging time = 2 min 41 
sec; D, 128 x 256 matrix, imaging time = 1 min 
25 sec). 
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intraarticular Gd-DTPA at a concentration of 500 uM not 
only improved the detectability of cartilage defects, allowing 
lesions as small as 2 mm in diameter to be seen, but also 
significantly decreased the required imaging time because of 
its high in vitro signal-intensity difference relative to articular 
cartilage on all imaging sequences. Both of these factors are 
important in rendering MR an accurate and cost-effective 
diagnostic tool. Imaging time for cartilage defects 2 mm in 
diameter can be as short as 1 min 25 sec. 

The minimum size of osseous defects detectable by MR 
(such as cysts associated with osteoarthritis that would ap- 
pear as marrow defects) was not assessed in this investiga- 
tion. The cartilage defects created in this study may not be 
strictly comparable to cartilage defects in living patients since 
physiologic responses in adjacent tissues may well alter the 
detectability and size of the defects. Presence of inflammatory 
and posttraumatic joint effusions, for example, could poten- 
tially increase the sensitivity of MR in detecting cartilage 
lesions because of their increased protein and methemoglobin 
concentrations, respectively, by increasing signal-intensity dif- 
ferences to enhance articular cartilage visualization [16, 18]. 

Relevant clinical situations in which MR imaging could be 
useful in detecting articular cartilage defects would be those 
involving partial or complete loss of cartilage. Specifically, 
these would include chondral fractures, osteochondritis dis- 
secans, osteoarthritis, crystal-induced arthropathy, and spon- 
taneous osteonecrosis [19], as well as acute peripheral joint 
trauma in which cartilage defects accompany other intra- or 
extraarticular injuries. 

This investigation did not compare the relative merits of 
MR imaging and arthrography combined with tomography or 
arthroscopy—the methods most widely used for imaging 
chondral and osteochondral defects [6, 11, 20]. Conceivably, 
MR imaging could provide an alternative method in cases of 
pure chondral injury where no bone accompanies the cartilage 
fragments. 

As the use of MR imaging increases in the diagnosis of 
joint injuries, it becomes increasingly important for the radiol- 
ogist to be aware of the limitations and capabilities of MR in 
evaluating articular cartilage. In summary, this investigation 
has shown that discrete cartilage lesions as small as 3 mm in 
diameter can be seen with T2-weighted sequences, regard- 
less of other imaging parameters such as number of signal 
averages, size of acquisition matrix, and slice thickness. 
Diagnostic capabilities increase, however, after intraarticular 
injection of Gd-DTPA in a 500-uM concentration. Of poten- 
tially greater practical importance, required time for imaging 
cartilage defects decreases dramatically with intraarticular 
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Gd-DTPA, permitting acquisition of diagnostic series with total 
scanning times of less than 1.5 min. 
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Book 
Reviews 





Pocket Atlas of MRI Body Anatomy. By Thomas H. Berquist, Richard L. Enman, and Gerald R. May. New York: 


Raven, 95 pp., 1987. $12.50 


This book is a paperback MR imaging anatomy text that can be 
carried easily in a coat pocket. The more commonly used anatomy in 
MR imaging body applications is provided. All images were obtained 
with a modestly T1-weighted spin-echo sequence (SE 25/600). Trans- 
verse, coronal, and sagittal views are shown. Only living subjects 
were imaged, which is a distinct advantage over early CT atlases 
that imaged primarily cadavers. The images are mostly of current 
image quality. The extremity images were obtained with surface coils. 

Medical students, technologists, and residents who are beginning 
their training in body anatomy will find this book useful. Since an 
understanding of anatomy is necessary for all body-imaging applica- 
tions, this book should not be considered useful only for MR imaging. 


The handy design should facilitate frequent reference and enhance 
learning. Because of its small size, exhaustive detail is not possible. 
Experienced body imagers with a good working knowledge of anat- 
omy will not find the book useful. The availability of coronal and 
Sagittal figures may be of some value to those not familiar with these 
imaging planes. A description of MR imaging technique or signal 
intensity patterns is not provided in this book. 


Steven Harms 
Baylor University Medical Center 
Dallas, TX 75246 


Radiology of Congenital Heart Disease, vol. 1. By Kurt Amplatz, James H. Moller, and Wilfrido R. Castaneda- 


Zuniga. New York: Thieme, 542 pp., 1986. $125 


This well-organized book is the product of many years of collabo- 
rative effort by representatives of the radiology and pediatric cardiol- 
Ogy departments at the University of Minnesota. The first eight 
chapters deal with basic information needed to diagnose congenital 
heart disease. The subjects covered are: (1) embryologic develop- 
ment of the heart; (2) cardiac anatomy correlated with thoracic 
radiographs and angiocardiograms; (3) the risks of radiation as well 
as the methods to safeguard against these risks; (4) classification of 
congenital heart disease based on the underlying hemodynamic 
changes; (5) plain film diagnosis of congenital heart disease; (6) 
important information derived from cardiac catheterization, as well as 
how the data are used to determine cardiac output, shunt size, 
vascular resistance, and stenotic valve areas; (7) complex angio- 
graphic equipment used in the catheterization laboratory; and (8) 
cardiac catheters, contrast media, and power injectors, as well as 
practical hints on angiographic technique. 

The cardiac conditions presented in this first volume are those 


associated with a left-to-right shunt and entities with outflow-obstruc- 
tive lesions. The illustrations by Martin E. Finch are superb. They 
conceptualize as well as define the lesions. Special care was made 
to keep the illustrations on the same or adjacent pages of the text 
so that turning back and forth to look for illustrations is not necessary. 
The excellent quality of the radiographs and angiocardiograms made 
understanding the text easy. The writing style was concise and 
comprehensive. A relatively large number of typographic errors were 
present; however, they did not prevent understanding the meaning. 
This book is strongly recommended to all radiologists, angiographers, 
fellows, and residents who interpret pediatric films. The recommen- 
dation extends to pediatricians, pediatric cardiologists, and pediatric 
residents. 


Jack |. Eisenman 
Martin Luther King, Jr. General Hospital 
Los Angeles, CA 90059 
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Chemical-Shift MR Imaging 
of the Femoral Head: An In 
Vitro Study of Normal Hips and Hips 
with Avascular Necrosis 





To study the conventional and chemical-shift MR images of fatty, hemopoietic, and 
ischemic bone marrow, four normal femurs from autopsies and six femoral heads from 
total hip replacement done for avascular necrosis (AVN) were imaged with a small-bore 
1.4-T MR unit. T1- and T2-weighted spin-echo images, fat- and water-selective spin- 
echo images, and out-of-phase images were obtained. The specimens were then 
sectioned, radiographed, and studied histologically. The capital epiphysis and greater 
trochanter in normal femurs had the highest signal on T1-weighted, fat-selective, and 
out-of-phase images owing to their high fat content. Fat-selective and water-selective 
images accurately depicted regions of fat and water, whereas T1-weighted, T2- 
weighted, and out-of-phase images were misleading in some cases. On T2-weighted 
images, a double line consisting of a rim of low signal with a high-signal inner border 
was noted surrounding AVN lesions. Histologic correlation showed that the low-signal 
outer rim was due to sclerotic bone, while the high-intensity inner border was due to 
granulation tissue and/or chondroid metaplasia. Fractures within the six AVN lesions 
were best seen on T2-weighted images, but these could not be distinguished from 
granulation tissue. On T2-weighted images, the weight-bearing cartilage had lower 
signal in five of six femoral heads with AVN. 

We conclude that the MR appearance of AVN reflects its complex histopathology. 
Direct spin-echo chemical-shift imaging can help correlate MR images with histology by 
providing information not available from conventional or out-of-phase images. 


MR imaging appears to be the most sensitive technique for the early diagnosis 
of avascular necrosis (AVN) of the femoral head [1-3]. The MR appearance of AVN 
has been described [2-4], but the MR image has not been correlated with the 
histologic findings. MR also appears capable of distinguishing fatty from hemo- 
poietic bone marrow, and an association between AVN and premature conversion 
of hemopoietic to fatty marrow in the femoral neck and intertrochanteric region has 
been demonstrated [5]. To validate the hypothesis that MR can distinguish fatty 
from hemopoietic bone marrow and to correlate MR features of AVN with histo- 
pathology, we studied ten resected specimens. As part of this analysis we used 
two different chemical-shift techniques: proton spectroscopic out-of-phase imaging 
(6, 7] and direct imaging of fat and water by selective spin-echo chemical-shift 
imaging [8]. 


Materials and Methods 
Normal Femurs 


Four femurs were obtained at autopsy from individuals without hip or bone marrow disease. 
Three were from women (22, 25, and 53 years old) and one was from a man (54 years old). 
Specimens included the greater and lesser trochanter and proximal femoral shaft and were 
studied by MR within 5 hr after autopsy in one case, within 48 hr in one, and within 4 days 
in two. Immediately after the MR examination, the specimen was placed in a 10% formalin 
solution. The specimen was bisected along the imaging plane, photographed, and decalcified. 





1160 


Representative sections were then stained with hematoxylin and 
eosin for histologic examination. 


AVN Lesions 


Six femoral heads were resected during total hip replacement for 
painful AVN refractory to treatment. Three of these had previously 
undergone core decompression and bone grafting. All six patients 
were men. AVN in these cases was caused by ethanol abuse (two) 
and use of steroid medication (two). In two cases, the cause of AVN 
was not known. The specimens were studied by MR within 3-5 hr 
of the surgery. The specimens were also examined by CT by using 
a GE 8800 scanner with 120 kV, 200 mAs, and 9.6-sec scan times. 
Images were 1.5 mm thick, and the data matrix was 256 x 256 for 
a field of view of 8.3 cm. 

The specimen was placed in a 10% neutral buffered formalin 
solution immediately after imaging and was sectioned along the 
imaging plane within 24 hr. The sections were photographed and 
then radiographed with high-resolution scanning. Seven-um-thick, 
undecalcified sections were prepared after en bloc plastic embedding 
and then stained by trichome technique. All images and the corre- 
sponding histologic sections were examined, and the MR signal 
features of sclerosis, fractures, granulation tissue, intact fat cells, 
necrotic marrow, hyperemia, and inflammation were noted. 


MR imaging Technique 


Contrast between the MR signal from fatty and hemopoietic mar- 
row, as well as between normal and abnormal marrow, is increased 
with the use of chemical-shift techniques. These techniques take 
advantage of the difference in resonance frequency between protons 
in fat and water [6-9]. 

We used two different chemical-shift imaging techniques. One of 
these, first described by Dixon [6], involves obtaining an echo at a 
time when the signal from fat and water are out of phase with each 
other, in contrast to conventional MR images in which the signals are 
in phase with each other. Signals from fat and water are therefore 
opposed, and the net intensity is the absolute value of the difference 
between (rather than the sum of) signal from fat and water. These 
out-of-phase images have been shown to accentuate signal differ- 
ences between fatty and hemopoietic or diseased marrow [5, 7]. 
Tissues with high intensity contain either water or fat, but not both. 
A low signal line separates predominantly fatty from predominantly 
aqueous tissue due to volume averaging in pixels located at their 
interface. Separate fat and water images can be obtained by sub- 
traction or addition of comparable conventional and out-of-phase 
images [6]. 

The second method involves direct imaging of fat or water protons 
by selective spin echo [8]. This method requires that the magnet 
homogeneity be sufficient to rescive the fat and water lines, which 
are separated by 3.5 ppm. The method works by using a low-intensity 
selective pulse of optimum length designed to provide a 180° rotation 
to the desired resonance and a 360° rotation to the undesired 
resonance.. With this method, a single image is composed of signal 
from fat or water, but not both. 

A 1.4-T 31-cm bore research magnet (not commercially available) 
with a 7.5-cm RF coil was used to obtain images with a single-echo, 
single-slice technique by using a signal average of two excitations. 
images were in the coronal plane and included the capital epiphysis 
and greater trochanter. Slice thickness was either 3 or 5 mm, and 
the data were displayed with a 128 x 128 matrix on a 7-cm field of 
view, resulting in a pixel size of 0.54 mm. Conventional T1-weighted 
spin-echo images were obtained with a repetition time (TR) of 200 or 
600 msec and an echo time (TE) of 10-25 msec. Fat- and water- 
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selective images and “opposed” or out-of-phase images were also 
acquired by using a TR of 600 msec and a TE of 10-25 msec. 
Femoral heads with AVN were also studied by conventional T2- 
weighted spin-echo images with a TR of 2500 msec and a TE of 80 
msec. 


Results 
Normal Femurs 


In all femurs, fatty marrow was seen in the femoral capital 
epiphysis and greater trochanter. These structures had high 
signal intensity on T1-weighted, fat-selective, and out-of- 
phase images and low signal intensity on water-selective 
images. In three specimens the femoral neck and intertro- 
chanter region contained predominantly hemopoietic marrow, 
which was sharply demarcated from fatty marrow (Fig. 1). 

In the remaining specimen, an increased amount of fat was 
present within the femoral neck and intertrochanteric region, 
leading to decreased contrast with the capital epiphysis and 
greater trochanter on T1-weighted images. Contrast was 
maintained, however, on fat-selective, water-selective, and 
out-of-phase images. In this femur, necrotic intertrochanteric 
marrow had high signal on T1-weighted and out-of-phase 
images and therefore mimicked fat, but water- and fat-selec- 
tive images correctly reveaied its aqueous nature. 

in one specimen, imaging was delayed for 4 days following 
autopsy. This delay caused autolysis of the hemopoietic 
marrow, which led to some anomalous results. The femoral 
neck and intertrochanteric region had higher signal than the 
capital epiphysis and greater trochanter on T1-weighted and 
out-of-phase images, resulting in an apparent reversal of 
marrow pattern. Fat- and water-selective images revealed the 
correct marrow distribution (Fig. 2). 


AVN Lesions 


Each lesion occurred in the anterosuperior aspect of the 
femoral head and was similar in size and shape on all MR 
images, as well as on CT, section-radiographic, and histologic 
studies. A sclerotic border was present at the periphery of all 
lesions owing to appositional new bone laid down upon 
preexisting trabeculae (Fig. 3). A thin region of granulation 
tissue composed of fibrocytes, vascular tissue, and inflam- 
matory debris with varying amounts of collagen was present 
inside the sclerotic border. 

On all MR sequences, the sclerotic periphery had low signal. 
Granulation tissue appeared similar to sclerosis on T1- 
weighted and fat-selective images and was isointense with 
the remainder of the lesion on all out-of-phase and three 
water-selective images. On T2-weighted images, however, 
granulation tissue in all lesions had high signal intensity indi- 
cating long T2, which was presumably due to increased 
extracellular water. 

All lesions were complicated by subchondral and/or cortical 
fractures. Histologically, fractures contained chondroid me- 
taplasia, granulation tissue, or necrotic debris, or were empty 
indicating that fluid or debris had been lost during preparation. 
With MR, fractures were best seen on T2-weighted images, 
in which they had high intensity. Fractures could not, however, 
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Fig. 1.—Normal proximal femur from a 22 year-old woman. 

A-C, Coronal MR images of the specimen obtained less than 24 hr after autopsy. 

A, Heavily T1-weighted image (TR = 200 msec, TE = 10 msec). Capital epiphysis (E) and greater 
trochanter (T) have higher signal than femoral neck (N). Arrows = articular cartilage, C = joint capsule. 

B, Fat-selective image (TR = 600 msec, TE = 10 msec). Capital epiphysis and greater trochanter 
have high signal because of their high fat content. 

C, Water-selective image (TR = 600 msec, TE = 10 msec). Capital epiphysis and greater trochanter 
now have low signal because of their low water content. Note high signal of articular cartilage (arrows). 
D, Gross section shows fatty marrow in capital epiphysis and greater trochanter and hemopoietic 

marrow in femoral neck. 








A B C 


Fig. 2.—Normal proximal femur from a 25-year-old woman with anomalous signal characteristics due to postmortem autolysis. 

A-C, Coronal MR images of the specimen acquired 4 days after autopsy. 

A, TR = 600 msec, TE = 25 msec. Femoral neck has higher signal intensity than capital epiphysis or greater trochanter, the reverse of the signal pattern 
seen in Fig. 1A. 

B, Proton spectroscopic out-of-phase image (TR = 600 msec, TE = 20 msec). Signal intensity from femoral neck is still higher than that from capital 
epiphysis and greater trochanter. Note dark bands (arrows) indicating signal voids from volume averaging within pixels at interface between fatty and 
water-containing tissue. 

C, Fat-selective image (TR = 600 msec, TE = 20 msec) reveals expected distribution of fatty and hemopoietic marrow, similar to that seen in Fig. 1. 
Presumably, oxidation of hemoglobin to methemoglobin has caused shortening of T1, accounting for the high signal seen on T1-weighted and out-of- 
phase MR images. 





Fig. 3.—MR/radiographic/histologic correla- 
tion of avascular necrosis shows reactive inter- 
face, fractures, cartilage, central signal features. 

A, Coronal section radiograph reveals periph- 
eral sclerosis (large black arrows) surrounding 
necrotic bone. Note zone of osteopenia (small 
black arrows) internal to this, contiguous with 
cortical fractures (white arrows) at medial and 
lateral aspects of lesion. 

B, Photograph of coronal section shows pe- 
ripheral sclerosis (S), vascular granulation tissue 
(G), and chondroid metaplasia (C). Note discol- 
oration of damaged weight-bearing cartilage (A). 

C, Microscopic section at periphery of ne- 
crotic area. Peripheral sclerosis (S) surrounds 
vascular granulation tissue (G). N = necrotic 
marrow. 

D, Coronal MR image (TR = 600 msec, TE = 
20 msec). A low signal margin (small black ar- 
rows) corresponding to the sclerosis seen in A- 
C surrounds the lesion, which is nearly isoin- 
tense with fat. Irregularities of the weight-bear- 
ing cartilage are seen (large white arrow). 

E, Out-of-phase image (TR = 600 msec, TE = 
15 msec) reveals near isointensity of avascular 
necrosis with fat. 

F and G, Fat (F) and water-selective (G) im- 
ages (TR = 600 msec, TE = 20 msec) show that 
lesion is composed of water, except for one 
small focus (arrow) of fat. 

H, T2-weighted image (TR = 2500 msec, TE 
= 80 msec) shows a double line with peripheral 
low intensity (black arrows) surrounding a band 
of high intensity (white arrows). Low intensity 
corresponds to sclerotic trabeculae, while high 
intensity corresponds to granulation tissue and 
chondroid metaplasia. Remainder of lesion has 
lower signal intensity, presumably because of 
shorter T2. Note low signal of damaged weight- 
bearing cartilage (curved arrow), as well as de- 
creased thickness of visible cartilage compared 
with D, E, and G. 


AJR:148, June 1987 


be distinguished from peripheral granulation tissue. Fractures 
appeared similar to sclerosis on fat-selective images and in 
three lesions on T1-weighted and out-of-phase images. In the 
three other lesions, the fracture defects were nearly isointense 
with the remainder of the lesions, as they were on all six 
water-selective images. 

In three lesions, regions of chondroid metaplasia, granula- 
tion tissue, or necrotic marrow were isointense with fat on 
T1-weighted, T2-weighted, and out-of-phase images. Fat- 
selective and water-selective images, however, correctly re- 
vealed that these areas contained water and not fat. 

Articular cartilage was well seen on all sequences except 
fat-selective images and was disrupted in four specimens. 
Focally decreased thickness at the weight-bearing portion 
was noted in four specimens. On T2-weighted images the 
weight-bearing cartilage in five specimens had lower signal 
than did non-weight-bearing cartilage. Decreased mucopo- 
lysaccharide content and water content were noted histolog- 
ically. 


Discussion 


MR signal features of normal bone marrow depend primarily 
on the amount of fat present [5, 7, 10]. Fat has a short T1 
and therefore has high signal on T1-weighted images [5, 7, 
10]. Histologic [11-13] and MR [5] studies have indicated 
that the capital epiphysis and greater trochanter contain fatty 
marrow. The remainder of the proximal femur contains hem- 
opoietic marrow, the amount of which decreased with ad- 
vancing age [5, 12, 13]. Premature conversion to fatty marrow 
appears to occur in patients who develop AVN [5], although 
a causal or temporal relationship has not been established. 
We have confirmed by MR-histologic correlation that differ- 
ences in signal intensities in normal femurs are due to variable 
proportions of fat, and that this distribution can be studied by 
MR imaging (Fig. 1). 

AVN is detected by MR as a defect within the fatty marrow 
of the capital epiphysis. Our studies show that the MR ap- 
pearance of AVN reflects the unique histopathology of AVN. 
The most characteristic histologic feature of AVN is the 
reactive interface between sclerotic and viable bone [14, 
15]. Peripheral sclerosis develops because of reinforcement 
of existing bone trabeculae. Inside this a zone of granulation 
tissue extends a short distance into the necrotic segment of 
bone. Because of the lack of a blood supply, there is little 
change deep within the necrotic segment of bone until contin- 
ued mechanical stress leads to fragmentation [14, 15]. After 
this occurs, chondroid metaplasia, granulation tissue, and 
fibrosis may be found. 

With MR, the reactive interface has low signal with T1- 
weighted, out-of-phase, and fat-selective images (Fig. 3). With 
T2-weighted images and in three cases with water-selective 
images, a thin region of high intensity corresponding to the 
zone of granulation tissue inside the sclerotic rim was noted. 
Presumably, increased extracellular water in granulation tis- 
sue causes long T2 relaxation and accounts for its high 
intensity. This “double line sign” is potentially important in 
differential diagnosis [3]. 
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Recognition of fractures complicating AVN is important for 
proper management [15, 16-18]. Fracture defects were best 
seen with T2-weighted images, although they could not be 
distinguished from the granulation tissue seen in the periph- 
eral “double line sign.” On T1-weighted images, fractures had 
low intensity in three (50%) of six lesions and intermediate- 
to-high signal intensity in the other three lesions. 

Most AVN lesions uncomplicated by fracture are predomi- 
nantly isointense with fat on T1- and T2-weighted images, 
while lesions that have fractured usually have low intensity 
on both T1- and T2-weighted images [3]. In the current series, 
components that were nearly isointense with fat on T1- 
weighted, T2-weighted, and out-of-phase images were noted 
in three cases. In two of these cases, water-selective images 
revealed that the signal arose from water molecules. Histo- 
logically, these areas were composed of granulation tissue 
and chondroid metaplasia, which presumably contain abun- 
dant protein. High protein content can decrease T1 and T2 
relaxation of aqueous solutions [19], and may in these cases 
account for relaxation times similar to that of fat. Out-of- 
phase images are most effective in identifying tissues that 
contain both fat and water protons. Because they rely on the 
absolute value of signal intensity [6], out-of-phase images 
cannot distinguish fat from aqueous tissues with T1 and T2 
similar to that of fat. While isointensity with fat may be a 
useful diagnostic finding for distinguishing uncomplicated 
from advanced AVN, it does not necessarily indicate that fat 
is present within the lesion. 

The central region of AVN lesions was nearly isointense 
with peripheral granulation tissue on water-selective images, 
but was less intense on T2-weighted images. Water-selective 
images with short TR/TE, as used in our study, are less T2 
dependent than are T2-weighted images. Evidently, water in 
the central region of AVN lesions has shorter T2 than does 
peripheral granulation tissue, accounting for its lower signal 
on T2-weighted images. 

The status of the articular cartilage of the femoral head is 
considered crucial to the prognosis of the femoral head [10, 
15], but adequate noninvasive study has not been possible. 
Normal articular cartilage has a high water content [15] and 
is therefore best seen on T2-weighted, water-selective, or 
out-of-phase images. In five of six specimens with AVN, we 
noted damaged weight-bearing cartilage that had decreased 
signal on T2-weighted images. The potential of MR to evalu- 
ate cartilage of the hip in vivo requires further study. 

The current study is limited not only by the small number 
of cases, but by the severity of the AVN lesions examined. 
This limitation is shared by most reports in the pathologic 
literature because total hip replacement is only performed for 
painful, debilitating AVN that has failed to respond to other 
forms of treatment or that has become complicated by frac- 
tures before alternative therapy had been attempted. 

In conclusion, we have used high-resolution conventional 
and chemical-shift MR imaging to study normal and ischemic 
femurs and have correlated signal characteristics with CT and 
radiographic images, as well as with histology. MR can distin- 
guish fatty from hemopoietic marrow, and the predominance 
of fatty marrow within the capital epiphysis and greater tro- 
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chanter has been confirmed. Fat- and water-selective images 
best revealed the distribution of fat and water within AVN 
lesions, while T1-weighted images, T2-weighted images, and 
out-of-phase images were occasionally misleading. A double 
line consisting of a peripheral low-signal band with a high- 
signal inner border surrounding AVN lesions on T2-weighted 
images reflects the unique histopathology of AVN; the low 
signal corresponds to sclerosis, while the high-signal inner 
border represents granulation tissue. Clinical application of 
conventional and chemical-shift techniques may prove valua- 
ble for staging AVN by MR imaging. 
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CT and MR of the 
Temporomandibular Joint: 
Comparison with Autopsy Specimens 





CT and MR imaging have been advocated for use in the diagnosis of disorders of the 
temporomandibular joint. A systematic comparison of these imaging techniques has not 
been made. We performed direct sagittal CT and sagittal MR on 15 fresh temporoman- 
dibular joint autopsy specimens and compared our diagnoses with cryosectional findings 
in a blinded fashion. We found no statistically significant differences between these 
procedures in detecting bony abnormalities or disk position. However, a side-by-side 
comparison between the CT and MR images demonstrated that MR depicted the soft- 
tissue anatomy of the joint with greater detail than did CT. Thus, MR clearly displayed 
the disk when it was positioned either superiorly or anteriorly, whereas CT only showed 
the disk adequately when it was positioned anteriorly. MR further showed the configu- 
ration of the disk and the borderlines between the disk and its attachments; these 
relationships could not be assessed from CT images. 

This experimental study indicates that MR is superior to CT for depiction of soft- 
tissue changes, whereas CT is superior in showing osseous abnormalities. Clinical 
confirmation of these results is necessary before one method can be definitively 
recommended over the other for clinical studies. 


CT and MR imaging are both used clinically to assess internal derangement and 
bony change of the temporomandibular joint [1-10]. Previous reports have sug- 
gested high diagnostic accuracy for both methods (3, 4, 7, 8], but a systematic, 
direct comparison of these two techniques has not been made. We performed 
direct sagittal CT and sagittal MR on 15 fresh temporomandibular joint autopsy 
specimens and compared our diagnostic findings with corresponding cryosections. 


Materials and Methods 


Fifteen left temporomandibular joints were removed as blocks approximately 6 x 6 x 6 
cm in size from fresh cadavers (5 to 48 hr postmortem) in association with an autopsy 
examination that included the brain. No information about possible temporomandibular joint 
symptoms prior to death was available. The individuals from whom the specimens were 
obtained ranged in age from 57 to 89 years (median, 83 years). There were eight women and 
seven men. The specimens were taken from cadavers with a distinct closed-jaw intercuspal 
position based on either natural teeth (four cadavers) or full dentures (11 cadavers). No other 
attempts were made to be selective. 

Before removing the joint specimen, the lower jaw of the cadaver was placed in the closed- 
jaw position, and the left temporomandibular joint region was deep-frozen by repeated 
applications of liquid nitrogen. In this manner the status of the joint components, as seen in 
the subsequent CT and MR images and cryosections, is representative of the closed-jaw 
position. Immediately after removal, the deep-frozen specimens were embedded in a block 
of methylmethacrylate to maintain the relationship between the joint components and to avoid 
movements of the disk when the specimens later were thawed for MR imaging. 

With fluoroscopy as a guide, the specimen in the acrylic block was oriented so that the 
condylar long axis was vertical. The shape of the block was adjusted by adding further acrylic 
material so that the sides became parallel to the condylar long axis. In this way the specimens 
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could be positioned in a standardized way during CT and MR imaging 
and during cryosectioning. 

CT images of the frozen specimen were obtained in the direct 
Sagittal plane on a GE 8800 scanner. The “internal alignment light” 
was used to confirm that each specimen was in the proper position. 
The alignment light was centered across the temporomandibular joint, 
and the internal landmark mode was used to indicate the “0” reference 
position. A head filter (25 cm) was used with the soft-tissue algorithm. 
A 5-mm slice thickness with slice spacing every 3 mm was employed 
with 576 views/slice, a radiographic amperage of 200 (256 mAs), and 
a pulse width code of 2.2 msec (120 kVp). The pixel size was 0.8 
mm. Both soft-tissue and bone images were viewed together. We 
used the extended scale mode with windows of 320 at the level of 
0-20 for soft tissue; level effect 400 at window factor 3-4 was used 
for bone detail. Attempts were made to optimize the quality of each 
individual image. 

MR imaging was performed with a 1.5-T Signa MR system (General 
Electric) by using the body coil as transmitter and the 6.5-cm-diameter 
Surface coil as the receiver. With this configuration, a relatively 
uniform object excitation was achieved with the large body coils while 
the smaller, sensitive volume of the surface coil allowed the signal- 
to-noise ratio to be increased in the vicinity of the coil [7, 11, 12]. 
With the surface coil, a 16-cm field of view could be used without 
incurring image degradation from aliasing artifacts. 
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The joint specimen was thawed and placed in the MR scanner in 
a position corresponding to a supine patient position; it was oriented 
by the square acrylic block, and the surface coil was then placed in 
contact with the block. The coil was tuned with an external matching 
network to compensate for coil loading for each specimen. To prevent 
coupling of the transmit pulse into the resonant surface coil, which 
would in turn spoil the field homogeneity, a network was incorporated 
into the coil that detuned it during the transmit pulse [13]. By this 
means, the coil could be placed in an arbitrary orientation relative to 
the plane of polarization of the transmit pulse without causing image 
degradation. 

The proton-resonant frequency of the magnet was 63.95 MHz. 
The repetition time was 600 msec and the echo time was 25 msec. 
A partial saturation pulse sequence with six excitations was used. 
Eight contiguous 3-mm sagittal planes of imaging were obtained. The 
data matrix was 256 x 256, yielding a pixel size of 0.8 mm (Scanning 
time: 15 min, 23 sec). 

A plastic indicator grid was used to locate the cryosections at the 
same levels as the CT and MR sections. The grid had plastic tubes 
(inner diameter, 2.18 mm) that were filled with 10 mmol of copper 
sulfate and then arranged geometrically in a square with a single 
diagonal. The grid was attached to the temporal bone of the specimen 
with methylmethacrylate. The copper sulfate in the tubes is Clearly 
seen on the MR images because of its high signal intensity; the tubes 


Fig. 1.—Bone (A) and soft-tissue (B) CT set- 
tings, MR (C), and corresponding cryosection 
(D) of normal temporomandibular joint. Disk is 
biconcave and located in superior position. Di- 
agnosis of a superior disk position was correctly 
made in both CT and MR images. Anterior and 
posterior margins of disk are indicated by arrows 
in MR image (C) and in cryosection (D). Bone in 
this section was correctly diagnosed as normal 
with CT and MR. C = condyle; F = fossa; T = 
tubercle. 
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were also clearly visible on the CT and cryosections. In this manner, 
the correspondence between the plane of CT and MR imaging and 
the cryosectional planes could be verified in each individual section. 

Immediately after MR imaging, the specimens were deep frozen 
by using hexane and dry ice as previously described [14]. A precision 
band saw (DoAIl V2012-A, DoAll Co, Vårby, Sweden) with a fine- 
toothed metal cutting blade was used to section the block with the 
specimen in the same sagittal planes as the MR images. The surfaces 
of the square acrylic block served as the planes of reference for MR 
imaging and cryosectioning. 

The newly cut surfaces of the specimens were photographed by 
color slide film (Kodak K64, Rochester, NY). The tubing in the indicator 
grid was included in the photo of each section. 

The sagittal CT and MR images were evaluated, without knowl- 
edge of the cryosectional results, for the position and the configura- 
tion of the disk according to the following criteria. 

The position of the disk in the sagittal plane was classified accord- 
ing to previously described criteria [8, 14-16] as “superior” or “ante- 
rior.” In the superior position the posterior band of the disk was 
between the fossa and the superior part of the condyle (Fig. 1); in 
the anterior position the posterior band was anterior to the fossa and 
the superior part of the condyle (Fig. 2). If the posterior band of the 
disk was anterior to the superior position in any of the sagittal 
sections, it was noted to be abnormal. The disk position was not 
evaluated for medial and lateral displacements, since the sagittal 
projection would not be optimal for such an evaluation. 


Fig. 2.—Bone (A) and soft-tissue (B) CT set- 
tings, MR (C), and corresponding cryosection 
(D) of temporomandibular joint with deformed 
disk in anterior position (arrows in B, C, and D). 
Deformed disk was correctly diagnosed in both 
CT and MR images. Flattened tubercle and con- 
dyle were also correctly diagnosed with both 
methods. C = condyle; F = fossa; T = tubercle. 
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The configuration of the disk in the sagittal plane was classified as 
biconcave (Fig. 1) or deformed (Figs. 2 and 3). The deformed disk 
usually showed an enlargement of its posterior band. Even thickness 
and biconvexity (Fig. 3) were also classified as deformation. If the 
disk was deformed in any of the sagittal sections, it was noted to be 
abnormal. 

The CT and MR images were also evaluated for evidence of 
abnormalities of the bone. Thus, concavity, erosion, flattening, or 
osteophytosis of the condyle, fossa, or tubercle were classified as 
abnormalities. Two of the authors interpreted the CT and MR images 
individually, and there was no disagreement between them. 

Findings in the CT and MR images were subsequently correlated 
with observations in the cryosections in a blinded fashion. By using 
the cryosectional findings as the morphologic standard, the diagnostic 
accuracy, sensitivity, specificity, and positive and negative predictive 
values, were calculated according to previously described methods 
(17, 18]. The diagnostic accuracy was calculated as the percentage 
of joints with the correct diagnosis (true-positive and true-negative 
diagnoses) out of all the joints. The sensitivity was calculated as the 
proportion of existing changes detected; the specificity as the pro- 
portion of normal cases identified; the positive predictive value as the 
proportion of positive diagnoses that were correct; and finally the 
negative predictive value as the proportion of negative diagnoses that 
were correct. 

After all analyses were completed, the CT and MR images were 
compared with each other and with the cryosections in an attempt 
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to explain the disparities. Fisher’s exact test was used to assess 
Statistically significant differences between the two techniques. The 
null hypothesis was rejected if p > .05. 


Results 


The CT diagnosis of disk position was correct in 10 joints, 
and the MR diagnosis of disk position was correct in 11 joints 
(p > .05) (Figs. 1 and 2) (Table 1). Side-by-side comparison 
of the CT and MR images, however, clearly showed that the 
MR images depicted the soft-tissue anatomy of the joint with 
greater detail than did CT (Figs. 1-4). The margin between 
the disk and its anterior and posterior attachments was 
visualized on MR (Fig. 1) in 11 and eight joints, respectively. 
These boundaries were not visualized in any of the CT 
images. Further, the MR images clearly showed the outline 
of the disk when it was positioned both superiorly (Fig. 1) and 
anteriorly (Fig. 2), whereas CT showed the outline of the disk 
only when it was positioned anteriorly (Fig. 2). 

Incorrect MR diagnoses resulted from our inability to distin- 
guish the disk from the tissues of the capsule in the anterior 
or lateral regions of the joint. False-positive CT diagnoses of 
disk position resulted from increased attenuation of the soft 
tissues underneath the bony tubercle (Fig. 3). This occurred 
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Fig. 3.—Bone (A) and soft-tissue (B) CT set- 
tings, MR (C), and corresponding cryosection 
(D) of temporomandibular joint with biconcave 
disk in superior position. Superior surface of disk 
is concave, and inferior surface is relatively flat. 
Configuration of disk was classified as normal. 
High-attenuation tissue inferior to tubercle (ar- 
row in B) was incorrectly interpreted as a dis- 
placed disk, resulting in a false-positive CT di- 
agnosis. In cryosection, high-attenuation tissue 
was anterior band of disk. Posterior band was in 
a superior position but could not be vizualized 
on CT, leading to a false interpretation of a 
displaced disk. In MR image, disk position was 
correctly diagnosd as superior. Anterior and pos- 
terior bands of disk are indicated by arrows in C 
and D. Condyle is located posteriorly in fossa, 
which is clearly seen on all images. C = condyle; 
F = fossa; T = tubercle. 


TABLE 1: Diagnostic Accuracy of CT and MR for Position of the 
Disk (n = 15) 














Diagnosis à ye 
—— ccurac 
Method True False True False (%) 
Negative Negative Positive Positive 
CT 4 1 6 4 67 
MR 5 1 6 3 73 





“Number of correct diagnoses out of all diagnosed joints. 


in the medial region of the joint in three specimens and in the 
central region in one. The false-negative CT diagnosis oc- 
curred in the specimen with a partial anterior disk (Fig. 4). 
Thus, the disk was anteriorly displaced in the lateral region 
but was not displaced in the medial region of the joint. The 
disk was not visualized anterior to the condyle on the CT 
images and was therefore assumed to be normal. The number 
of correct and false diagnoses of disk position are presented 
in Table 1. 

MR diagnosis of osseous structures was correct in nine 
joints, and the CT diagnosis was correct in 13 joints (p > .05) 
(Figs. 1-4) (Table 2). 
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Fig. 4.—Bone (A) and soft-tissue (B) CT set- 
tings, MR (C), and corresponding cryosection 
(D) of temporomandibular joint with displaced 
and deformed disk (arrows in C and D). CT image 
was interpreted as being normal, but MR image 
clearly showed anteriorly displaced and de- 
formed disk. C = condyle; F = fossa; T = tuber- 
cle. 


TABLE 2: Diagnostic Accuracy of CT and MR for Changes of 
the Bone (n = 15) 














Diagnosis į ye 
- ccurac 
Method True False True False (%) 
Negative Negative Positive Positive 
CT 7 2 6 0 87 
MR 5 4 4 2 60 


AEEA EEEO OO St >) a Ee LE A SSS 
a Number of correct diagnoses out of all diagnosed joints. 


The sensitivity, specificity, and positive and negative pre- 
dictive values for CT and MR for position of the disk and for 
changes in bone are presented in Table 3. 

The CT and MR images were not evaluated for perforations 
of the disk or posterior attachment. Perforations were mor- 
phologically seen in five joints. The side-by-side comparison 
showed that perforation could not be depicted by either MR 
or CT. 


Discussion 


This study suggests that both CT and MR are acceptable 
techniques for the assessment of temporomandibular joint 
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disk displacements. CT was 67% accurate and MR was 73% 
accurate. A side-by-side comparison of the CT and MR im- 
ages demonstrated that MR consistently showed the soft- 
tissue anatomy of the joint with greater detail than did the CT 
images. These findings reinforce previous investigations that 
found MR to have great potential for accurate depiction of 
temporomandibular joint internal derangements [4-10]. 
Studies on autopsy specimens will almost inevitably include 
a sampling of different age and sex distributions than those 
found in the clinical setting. A comparison between imaging 
techniques will, however, be validated if the pathologic 
changes that are studied in autopsy specimens are similar to 
those that occur in patients [18]. In this study we assessed 
the position of the disk and the structural changes of the 
osseous components of the joint. These aspects are clearly 
relevant to the clinical condition, since numerous studies have 
shown that anterior disk displacement is associated with 
temporomandibular joint pain and dysfunction [19-25] and 
that changes of the bone represent signs of arthrosis [26, 
27]. The prevalence of anterior disk position in this series of 
autopsy specimens was somewhat lower (47%) than it was 
in clinical reports (75%) [21, 24, 25], which might have an 
influence on the positive and negative predictive values ob- 
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TABLE 3: Sensitivity, Specificity, and Predictive Values of CT and MR in the Diagnosis of Disk 


Position and Changes of the Bone (n = 15) 





Method Diagnosis Sensitivity* 
CT Disk position 0.86 
MR Disk position 0.86 
CT Bone 0.75 
MR Bone 0.50 


Positive Negative 
Specificity” Predictive Predictive 
Value’ Value‘ 
0.50 0.60 0.80 
0.63 0.67 0.83 
1.00 1.00 0.78 
0.71 0.67 0.56 





* Proportion of existing changes detected. 

> Proportion of normal cases identified. 

€ Proportion of positive diagnoses that are correct. 
“Proportion of negative diagnoses that are correct. 


served [28]. Thus, the positive predictive value might be 
expected to be higher in the clinical setting, where there is a 
higher prevalence of pathologic change, than in this series of 
cadaver specimens. The negative predictive value, on the 
other hand, should be expected to be slightly lower in the 
clinical setting. 

Examination of a small object, such as the cadaver blocks 
used in this study, might result in superior image quality, 
possibly because there is no patient motion and less noise 
from scatter radiation. The experimental conditions probably 
improved the image quality of both MR and CT to a similar 
extent and therefore should not influence our comparison 
between the two techniques. 

This work was confined to the evaluation of the specimens 
in the closed-jaw position. This is a. limitation since it is well 
recognized that images of the open-jaw position provide 
significant information for the diagnosis. We decided to use 
only one position, however, to make sure that the position of 
the joint components (and specifically that of the disk) was 
the same in the CT and MR images as it was in the subse- 
quent cryosections. The diagnostic accuracy of both the CT 
and the MR examinations might have been higher if the joints 
had also been imaged in the open-mouth position. The com- 
parison between the two diagnostic methods should not, 
however, be significantly affected by this limitation. 


The CT evaluation was performed with frozen specimens. 


whereas the MR examination was performed with thawed 
specimens. The possible drawbacks of this protocol are that 
(1) the joint components might have moved when the speci- 
mens were thawed and (2) the frozen tissue might have 
behaved somewhat differently on CT than did the thawed 
tissue, which more closely resembles living tissue. The acrylic 
block in which the specimen was embedded immediately after 
it was removed prevented all movement of the joint compo- 
nents and thereby secured the same positional relationships 
at the CT and MR evaluations and at the subsequent cry- 
osectioning. To the best of our knowledge there is no evi- 
dence in the literature that the deep-frozen status of the 
tissue should affect the attenuation during the CT examina- 
tion. We think that possible differences would be small and 
would not significantly influence our results. 

There were four false-positive and one false-negative CT 
diagnoses in this series (Table 1). The false-positive diagnoses 
resulted from increased attenuation of the soft tissues under- 


neath the bony tubercle in the medial and central regions of 
the joint. This is the area of the attachment of the lateral 
pterygoid muscle, and increased density of this muscle at- 
tachment might have been the cause of the false-positive CT 
diagnoses. The false-negative CT diagnosis occurred in a 
joint with partial anterior disk displacement. This type of 
displacement has also contributed to false diagnoses in stud- 
ies with arthrography [15, 16]. Further correlative radiologic 
and anatomic studies are needed before we can fully under- 
stand the cause of the false CT diagnoses. 

There were three false-positive and one false-negative MR 
diagnoses in this series. Sidé-by-side Comparison of the’MR 
images and the cryosections showed that the false diagnoses 
resulted from our inability to differentiate the disk from the 
joint capsule. Comparison of the cryosections from the medial 
and lateral parts of these joints indicated that the disk could 
have been dislocated sideways in three joints. Further studies 
should be undertaken to clarify why the image of the joint 
capsule in some joints resembles the image of the disk. 

When comparing CT and MR as potential imaging tech- 
niques for the diagnosis of internal derangement of the tem- 
poromandibular joint, we find that MR has three main advan- 
tages: (1) it does not expose the patient to radiation; (2) it can 
discriminate the disk from its anterior and posterior attach- 
ments, thereby better depicting it in both the superior and 
anterior positions; and (3) it can clearly show the configuration 
of the disk. CT is at present superior with respect to the 
length and cost of the examination, but, probably the only 
diagnostic category in which CT is superior to MR is in the 
diagnosis of changes in the bone. Comparison of CT and MR 
to arthrography shows that CT and MR require less skill on 
the part of the examiner and are less invasive. However, 
arthrography is superior in that it allows an assessment of 
joint dynamics and of perforations of the disk or posterior 
disk attachment. Arthrography is currently more readily avail- 
able, and it allows the examiner to establish a jaw position 
for repositioning splints in cases of anterior disk displacement 
with reduction [29, 30]. It is therefore our opinion that arthrog- 
raphy with videotape dynamic imaging is still the best imaging 
method for evaluating patients with functional disturbances. 
MR, on the other hand, is more useful than arthrography 
when information about morphologic alterations is more im- 
portant than functional dynamics. 

In summary, this experimental study suggests that MR 
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gives a more detailed image of the soft-tissue anatomy of the 
temporomandibular joint than CT, whereas CT seems to be 
superior in the depiction of osseous abnormalities. Extended 
experimental studies and clinical confirmation are necessary 
before one method can be definitively recommended over the 
other for clinical studies. 
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Cranial Computed Tomography and MRI, 2nd ed. Edited by Seungho Howard Lee and Krishna C. V. G. Rao. 


New York: McGraw-Hill, 858 pp., 1987. $125 


The first edition of this book was published in 1983. Its two authors 
were academic chiefs of neuroradiology, and there were 19 chapter 
authors or coauthors. The second edition of this book was published 
this year, and its two authors are now clinical professors in the private 
practice of radiology. There are now 21 chapter authors or coauthors, 
six of whom are new. 

The second edition is printed on a better quality of paper with the 
same easy-to-read typeface. Reproduction of the illustrations remains 
excellent. The same easy-to-hold size and easy-to-read formats for 
chapter bibliographies are used. The first edition contained 723 
pages; the second edition contains 838 pages and weighs 4 Ib, 14.5 
Oz. 

The chapter format of both editions is a rather natural mix of 
anatomic and pathologic entities. Most of the CT slices used for 
illustration of the second edition also appeared in the first edition; 
some of them are from scanners that are now outmoded, but they 
still adequately exhibit the intended pathology. The arrangement of 
topics within the chapters remains the Same, and the narratives have 
been changed rather uniformly to reflect new information and trends. 
One strength of this book is that the various chapters refiect generally 
accepted concepts; there is little of the personal bias seen in chapters 
of some multiauthored texts. 

The title of this new edition has been changed to include MR 


imaging. The opening chapter by Villafana on physics and instrumen- 
tation contains a new section on MR imaging that is the clearest 
short description yet published. The concluding chapter by Bradley 
and Kortman on the current clinical applications of MR imaging was 
an accurate appraisal when written, but the fast-moving field defeats 
any attempt to provide an absolutely current evaluation in a book 
chapter. In addition, the various chapter authors have included! per- 
tinent references to MR imaging and illustrations of its usefulness in 
the areas being discussed. 

The first edition of the text was a strong addition to the neurora- 
diologic literature; the second edition extends this strength but rapidly 
will become dated as the MR explosion continues. | hope that the 
authors will produce a third edition in 1989 with the same format but 
with an increased balance between MR and CT and an emphasis on 
the best way to study the lesions rather than on the various uses of 
the two techniques. 

If | did not already own the first edition, | would buy the second 
edition. If a balanced, lesion-oriented third edition is published, | 
certainly will buy that. 


Frank W. Farrell, Jr. 
Forsyth Radiological Associates, P. A 
Winston-Salem, NC 27103 


interpretation of the Chest Roentgenogram. By Michael J. Landay. Boston: Little, Brown, 189 pp., 1987. $19.50, 


soft cover 


This soft-cover book is intended as an introduction to the interpre- 
tation of chest roentgenograms. Medical students and other health 
professionals are its primary audience. 

The first two chapters briefly discuss the principles of radiation and 
technique. These are followed by sections on normal and abnormal 
lungs, hila, mediastinum, pleura, thoracic cage, and neck. Next is a 
discussion of tubes and catheters. The final two chapters deal with 
determining the site of pathology (e.g., lung vs pleura) and a general 
philosophy in looking at chest roentgenograms; some appropriate 
examples are included. 

The text is concise, well illustrated, and confined to such funda- 


mentals as distinguishing between alveolar vs interstitial infiltrates 
and pulmonary vs pleural lesions. The importance of the various 
pleural reflections (anterior and posterior junction stripes) and such 
things as the silhouette sign are discussed. 

The book is easy to read, and anyone who can master the 
principles presented here should be able to give a credible interpre- 
tation of chest roentgenograms. 


Norman N. Keep 
1676 W. Bullard 
Fresno, CA 93711 


1173 


Case Report 





Temporomandibular Joint Chondromatosis with Intracranial 
Extension: MR and CT Contributions 


Steven R. Nokes,’ Patricia S. King, Ralph Garcia, Jr., Martin L. Silbiger, J. Daniel Jones III, and 


Nelson D. Castellano 


Radiologic evaluation of the temporomandibular joint (TMJ) 
has recently received widespread interest due to the contri- 
butions of MR imaging and CT [1-5]. We present a case of 
TMJ synovial chondromatosis with extension into the middle 
cranial fossa and describe the relative contributions of CT 
and MR. The case is of interest in that neither the MR 
appearance nor the intracranial extension of SC has been 
previously reported. 


Case Report 


A 63-year-old man presented with a 5-year history of pain and 
swelling in the left TMJ. There was no history of trauma. Physical 
examination revealed severe limitation of mandibular opening with 
deviation to the left. Panorex of the mandible revealed an erosive 
lesion without calcification in the region of the left condyle. Coronal 
and parasagittal CT in open- and closed-jaw positions showed a 2.5- 
cm lobulated mass with irregular flecks of calcification in the left TMJ 
with erosion of the condylar head and glenoid fossa, inferior displace- 
ment of the condyle, and extension through the skull base into the 
middle cranial fossa (Fig. 1). MR images were obtained in the axial, 
sagittal, and coronal planes with a 1.0-T Siemens Magnetom oper- 
ating at 0.35 T. A spin-echo (SE) pulse sequence was used to achieve 
T1 weighting (TR = 700 msec, TE = 30 msec), mixed mode weighting 
(TR = 1500 msec, TE = 35 msec), and T2 weighting (TR = 1500 
msec, TE = 90 msec). The left TMJ mass was of intermediate and 
variable signal intensity on all sequences. MR better depicted the 
erosion through the temporal bone floor with resultant elevation, but 
there was no evidence of invasion of the temporal cortex (Fig. 2). 

At surgery a mass of gellike mucoid material was removed. Pa- 
thology confirmed the preoperative diagnosis of synovial chondro- 
matosis. The mass eroded through the skull base, but did not 
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penetrate the dura. The articular eminence was reconstructed with 
restoration of normal joint mobility. 


Discussion 


Synovial chondromatosis was first described by Ambrose 
Pare in 1558 [6]. Of unknown etiology, it is an uncommon 
cartilaginous metaplasia affecting synovial joints. The disease 
is generally benign, although sarcomatous changes have been 
reported [7]. The large diarthrodial joints are the most com- 
mon site, with the knee being affected in approximately one- 
half of cases [8]. Treatment consists of surgical excision of 
the loose bodies with removal of the synovial membrane and 
bursae [9]. Local recurrence may occur if removal is incom- 
plete [6]. 

Involvement of the TMJ is rare. Since Axhausen’s report of 
a case in 1933, 28 additional cases including our own have 
appeared in the literature. Patients with synovial chondroma- 
tosis of the TMJ have a mean age of 45 years, are predomi- 
nantly female (16/29), and are more commonly affected on 
the right (17/27) [10]. While extension to areas remote from 
the joint is known, we can find no previous reports of intra- 
cranial involvement [11]. 

Clinically, parotid gland abnormalities may mimic TMJ 
synovial chondromatosis, and radiology plays an important 
role in differentiating the two conditions. The plain film diag- 
nosis depends on the identification of variable numbers of 
cartilaginous lesions within the joint capsule. In one-third of 
cases no radiopacity is identified [6]. Secondary signs include 
widening of the joint space, irregularity of the joint surfaces, 
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Fig. 2.—MR image of temporomandibular joint. Sag- 
ittal T1-weighted image (TR = 700 msec, TE = 30 msec) 
shows Clear cleavage plane between temporal lobe (TL) 
and mass (SC). SC = synovial chondromatosis; TL = 
temporal lobe; C = condyle; MAC = mastoid air cells. 


and sclerosis of the glenoid fossa and mandibular condyle 
[8]. No plain film abnormalities were identified in 42% of the 
cases reviewed by Blankestijn et al. [10]. A noncalcified mass 
with minimal condylar erosion was identified in our case. 

CT revealed the characteristic findings of synovial chondro- 
matosis described by Ginaldi [6], including a conglomerate 
mass of predominantly water density with multiple finely 
Stippled calcifications enclosed by the joint capsule. CT was 
valuable in better defining the associated erosion of the 
glenoid fossa and in revealing the intracranial involvement 
that was unsuspected on plain films (Fig. 1). The possibility 
of sarcomatous degeneration with cortical involvement could 
not be excluded, however, as the mass and the cortex were 
inseparable. 

The differential diagnosis includes osteochondral fracture, 
degenerative arthritis, osteochondritis dissecans, synovial 
sarcoma, or chondrosarcoma [3, 6]. CT should reliably identify 
a fracture line. Degenerative arthritis will show fewer calcifi- 
cations that are generally larger and coarser than those of 
synovial chondromatosis. More importantly, a soft-tissue 
mass will not be associated with the calcifications of osteoar- 
thritis. The condylar head will show a defect in osteochondritis 
dissecans. Synovial sarcoma characteristically arises from the 
paraarticular soft tissues, not the joint, and will not be confined 
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Fig. 1.—CT scans of temporoman- 
dibular joint. 

A, coronal image with bone windows 
shows well-encapsulated, lobulated 
mass (SC) with amorphous calcifica- 
tions, consistent with synovial chondro- 
matosis, eroding floor of middle cranial 
fossa. 

B, Paraxial image with bone win- 
dows clearly shows origin of mass (SC) 
to be capsular. SC = synovial chondro- 
matosis; TL = temporal lobe; C = con- 
dyle; MAC = mastoid air cells. 


by the joint capsule. Chondrosarcoma has a dense center, 
and bone destruction rather than erosion should be expected 


[6]. 

MR displayed the extension of the mass into the middle 
cranial fossa, and revealed homogeneous signal intensity from 
the temporal lobe on both T1- and T2-weighted images. A 
clear tissue plane could be identified between the mass and 
the temporal lobe, excluding cortical invasion, a question left 
unanswered by CT (Fig. 2). The small calcifications within the 
lesion probably account for the variability and intermediate 
nature of the signal on MR due to signal void and dampening 
[12]. 

In summary, CT and MR played complementary roles in 
characterizing this patient's TMJ abnormality. Both showed 
the temporal bone erosion. CT correctly characterized the 
mass as synovial chondromatosis and identified the calcifi- 
cations. MR was able to exclude cortical invasion. 


REFERENCES 


1. Katzberg RW, Bessette RW, Tallents RH, et al. Normal and abnormal 
temporomandibular joint: MR imaging with surface coils. Radiology 
1986;158:183-189 

2. Harms SE, Wilk RM, Wolford LM, Chiles DG, Milam SB. The temporoman- 
dibular joint: magnetic resonance imaging using surface coils. Radiology 
1985;157:133-136 

3. Roberts D, Schenck JF, Joseph P, et al. Temporomandibular joint: mag- 
netic resonance imaging. Radiology 1985;155:829-830 

4. Thompson JR, Christiansen E, Hasso AN, Hinshaw DB. Temporomandib- 
ular joints: high resolution computed tomographic evaluation. Radiology 
1984;150:105-110 

5. Manzione JV, Katzberg RW, Brodsky GL, Seltzer SE, Mellins HZ. Internal 
derangements of the temporomandibular joint: diagnosis by direct sagittal 
computed tomography. Radiology 1984;150:111-115 

6. Ginaldi S. Computed tomography feature of synovial osteochondromato- 
sis. Skeletal Radiol 1980;5:219-222 

7. Mulling F, Berard CW, Eisenberg JH. Chondrosarcoma following synovial 
chondromatosis. Cancer 1965;18:1180-1182 

8. Noyek AM, Holgate RC, Fireman SM, Rosen PR, Pritzker KPH. The 
radiologic findings in synovial chondromatosis (chondrometaplasia) of the 
temporomandibular joint. J Otolaryngol [Supp!] 1977;6:45-48 

9. Murphy FP, Dahlin DC, Sullivan CR. Articular synovial chondromatosis. J 
Bone Joint Surg [Am] 1962;44:77-79 

10. Blankestijn J, Panders AK, Vermey A, Scherpbier AJJA. Synovial chondro- 
matosis of the temporomandibular joint. Cancer 1985;55:479-485 

11. Eisenberg KS, Johnston JO. Synovial chondromatosis of the hip joint 
presenting as an intrapelvic mass. J Bone Joint Surg [Am] 1972;54:176- 
178 

12. Holland BA, Kucharcyzk W, Brant-Zawadzki M, Norman D, Haas DK, 
Harper PS. MR imaging of calcified intracranial lesions. Radiology 
1985;157:353-356 


Steven M. Scott’ 

B. J. Manaster? 
Naomi Alazraki® 
Wesley W. Wooten? 
Kevin Murphy? 


Received October 31, 1986; accepted after re- 
vision January 23, 1987. 


This work was supported by funds from the 
Veterans Administration Research Service. 


1 Orthopedic Surgery Service, Veterans Admin- 
istration Center and University of Utah School of 
Medicine, Salt Lake City, UT 84132. 


2 Department of Radiology, Veterans Administra- 
tion Medical Center and University of Utah School 
of Medicine, Salt Lake City, UT 84132. Address 
reprint requests to B. J. Manaster, Department of 
Radiology, University of Utah School of Medicine, 
50 N. Medical Dr., Salt Lake City, UT 84132. 


3 Nuclear Medicine Service, Veterans Adminis- 
tration Medical Center and University of Utah 
School of Medicine, Salt Lake City, UT 84132. 


AJR 148:1175-1178, June 1987 
0361-803X/87/1486-1175 


TIRO 


Technetium-99m Imaging of 
Bone Trauma: Reduced 


Sensitivity Caused by Hydrocortisone 
in Rabbits 





This study evaluates the effect of hydrocortisone on the sensitivity of "Tc-scintig- 
raphy for the detection of bone trauma in three groups of rabbits: a control group that 
received no hydrocortisone, a low-dose group that received 0.8 mg/kg/day, and a high- 
dose group that received 20 mg/kg/day. Scintigrams of the tibial diaphyses were 
obtained at 48 hr, 1 week, 2 weeks, and 3 weeks after surgical creation of a simulated 
fracture (a 1.5-mm hole in the cortex). The mean sensitivity for detecting fractures in 
control animals was 95% at 48 hr and 100% at all other times. Mean sensitivity for 
rabbits given the high dose of hydrocortisone was 41% at 48 hr. Mean sensitivity for the 
low-dose group was 75% at 48 hr, but this was not significantly different from the control 
group. Sensitivity in both groups treated with hydrocortisone improved with time. At 3 
weeks, the mean was 93% in the low-dose group and 83% in the high-dose group. 

These data suggest that *"Tc-scintigraphy may be less sensitive in detecting bone 
trauma in patients on glucocorticoid therapy than in patients in the general population. 


Technetium-99m-phosphonate imaging is the most sensitive method for detec- 
tion of acute occult or stress fractures [1-3]. The sensitivity for detecting acute 
fractures is nearly 100% if scintigraphy is performed within the first 72 hr after 
injury [4]. For younger patients, the bone scan is highly sensitive if obtained within 
24 hr after the trauma. Several reports [5-7] have stated that obtaining a normal 
scan 3 days after trauma excludes the diagnosis of fracture. No false-negative 
results (abnormal findings) were seen on bone scans in 475 radiographically proven 
acute occult or stress fractures [1, 2, 4-12]. However, a recent case report 
documented failure of °’"Tc-scintigraphy to show an occult intertrochanteric hip 
fracture in a young woman when bone scans were obtained 4 days after injury. 
She had diabetes and had been on long-term immunosuppressive steroid therapy 
after receiving a renal allograft. 

To test the hypothesis that corticosteroids may diminish the sensitivity of 
scintigraphy for detection of bone trauma, we surgically created simulated bone 
fractures in rabbits receiving low or high doses of hydrocortisone and obtained 
bone scans at intervals of 48 hr to 3 weeks after injury. 


Materials and Methods 


Adult, white New Zealand rabbits were kept in individual cages and were fed normal diets. 
They were divided into three groups. The control rabbits (n = 10) received no hydrocortisone; 
the other two groups were given hydrocortisone subcutaneously once a day. The low-dose 
group (n = 8) received 0.8 mg/kg/day, and the high-dose group (n = 11) received 20.0 mg/ 
kg/day. The low-dose protocol was designed to provide a dose that was equivalent per unit 
of body weight to the levels of glucocorticosteroids given humans for long-term immuno- 
suppression (14 mg of prednisone per day for a person weighing 70 kg). The high dose was 
the maximum dose the rabbits could tolerate for an extended period, calculated on the basis 
of previous reports and a pilot study [13-15], and was the equivalent of 350 mg of prednisone 
per day for a 70-kg person. Although patients commonly do not receive such a large dose of 
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glucocorticoids, this dose seems reasonable for one end of the 
spectrum in an animal model. 

After 3 weeks of treatment with hydrocortisone, a simulated frac- 
ture was Created in the middiaphysis of the tibia. The left or right leg 
was chosen randomly to avoid interpretation bias. The rabbits were 
anesthetized with a combination of IV sodium pentobarbital and a 
local nerve block of 1% lidocaine. Sterile surgical technique was used, 
and a 1-cm longitudinal incision was made along the medial aspect 
of the tibia to the periosteum. A 2-mm incision was made in the 
periosteum, and a 1.5-mm bit was used to drill a hole through the 
cortex. The wound was irrigated, and the skin was closed. On the 
opposite tibia, a sham procedure was carried out, omitting the drilling 
of the cortex. The rabbits were given an intramuscular injection of 
penicillin and returned to their cages. Administration of hydrocortisone 
was continued for the 3 additional weeks of the experiment. 

Baseline °°"Tc-methylene diphosphonate (Tc-MDP) bone scans 
were performed before administration of hydrocortisone was begun 
and again before surgery. Bone scans were repeated at 48 hr, 1 
week, 2 weeks, and 3 weeks after surgery. After the final scan, the 
animals were sacrificed in a carbon dioxide chamber. 


Bone Scanning 


Two hours after IV injection of 2 mCi/kg of Tc-MDP or %™Tc- 
hydroxydiphosphonate (Tc-HDP), images were obtained on a mobile 
scintillation camera system with a 37 photomultiplier tube. The use 
of two radiopharmaceuticals was an unfortunate breach in the ex- 
perimental design but was unavoidable because of availability of the 
radionuclides. However, internal consistency was maintained be- 
cause the control and high-dose groups were scanned with Tc-MDP 
and the low-dose group with Tc-HDP. The camera was peaked on 
the 140-keV emission of "Tc by using a 20% symmetric window. 
At 2 hr after injection, static images from anterior and lateral projec- 
tions were accumulated for 100,000 counts over both lower extrem- 
ities (See Fig. 1). 


Interpretation 


All scintigrams were randomized by treatment group and time of 
scan. Two observers independently interpreted the scans in a double- 
blind fashion. Each observer assigned a confidence value from 1 to 


Control 


Lo Dose 
Steroids 


Hi Dose 
Steroids 
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5 for the left and right legs: 1, definitely not fractured; 2, probably not 
fractured; 3, possibly fractured; 4, probably fractured; and 5, definitely 
fractured. The observers were told that some of the scans were 
performed on rabbits that had had no fracture. This allowed evaluation 
of the right and left legs indepenently and thus reduced the chance 
that a high probability of fracture would be assigned to one leg 
because the opposite leg appeared normal. Scans of one control 
rabbit that were obtained at 48 hr and at 1 week were selected and 
duplicated 10 times. These duplicate scans were mixed randomly 
with all other rabbit scans to evaluate the consistency of observer 
interpretation. 


Results 


All baseline scans, including those of the blood pool and 
delayed static images, were interpreted as normal or showing 
no areas of increased uptake. When the baseline scans in the 
low-dose and high-dose groups were compared with the 
posthydrocortisone, preoperative scans, no difference was 
seen. Thus, administration of hydrocortisone did not alter the 
appearance of the pretrauma bone scan. 

Sensitivity, specificity, and accuracy were calculated from 
the data (Table 1). To determine sensitivity, a scan reading of 
3, 4, or 5 on the operated side was called positive, and a 
reading of 1 or 2 was called negative. Specificity was calcu- 
lated from the true-negative fraction of the nonfractured tibiae. 

Sensitivity in the groups treated with hydrocortisone was 
reduced most at 48 hr. The significance of this loss of sensi- 
tivity was tested by using a one-sided t-test. On the basis of 
the original scores (1 for no fracture through 5 for a definite 
fracture), the decrease in sensitivity at 48 hr for the low-dose 
group was not significant. The decrease in sensitivity for the 
high-dose group, however, was significant (p < .0005 at 48 
hr and better than p < .01 at all other times). At 1 week, the 
sensitivity of the high-dose group did not improve as much 
as those of the control and low-dose groups did. 

If observations from all scintigrams obtained after injury 
were grouped together, the loss of specificity in the high-dose 
group was significant (p < .0005). 


Fig. 1.—*"Tc scintigrams of bone trauma in 
rabbits untreated (control) or treaed with low 
doses or high doses of hydrocortisone. Scans 
were obtained at baseline (A); after hydrocorti- 
sone treatment, but before trauma (B); and at 
three times after trauma: 48 hr (C), 1 week (D), 
and 3 weeks (E). Trauma was surgical creation 
of a simulated bone fracture. Arrows indicate 
abnormal foci of uptake corresponding to trauma 
sites detected at 48 hr for control and low- 
dose animals (C) and at 1 week for high-dose 
rabbit (D). 
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*“Tc-IMAGING OF BONE TRAUMA IN RABBITS 


TABLE 1: *"Tc-Scintigraphy of Bone Trauma in Rabbits Treated with Hydrocortisone 
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Time After Sensitivity (%) Specificity (%) Accuracy (%) 
Fracture A B Mean A B Mean A B Mean 

Control (no hydrocortisone; n = 10) 

48 hr 100 90 95 80 70 45 90 80 85 
1 wk 100 100 100 100 100 100 100 100 100 
2 wk 100 100 100 100 100 100 100 100 100 
3 wk 100 100 100 100 100 100 100 100 100 

Low dose (0.8 mg/kg/day; n = 8) 

48 hr 75 75 75 15 88 82 19 82 79 
1 wk 100 100 100 100 100 100 100 100 100 
2 wk 100 100 100 100 100 100 100 100 100 
3 wk 100 86 93 100 100 100 100 93 97 

High dose (20 mg/kg/day; n = 11) 

48 hr 36 45 41 64 73 69 50 59 a0 
1 wk 81 90 86 91 91 91 86 91 89 
2 wk 88 78 83 89 78 84 89 78 84 
3 wk 77 88 83 89 89 89 84 89 86 
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Note.—A = observer A; B = observer B. 


The interpretation of scans by the two observers was 
consistent. Interpretation of a duplicate scan never differed 
by a score of more than 1; nine out of 10 interpretations were 
given the same score by both observers. Although the inter- 
pretations of each observer were highly consistent, a system- 
atic difference occurred between the interpretations of ob- 
server A and observer B; hence, we have Kept the results for 
each observer separate in Table 1. 


Discussion 


The results of this randomized, observer-blinded study 
show that the sensitivity of °°"Tc-phosphonate scintigraphy 
for detection of acute bone trauma is reduced significantly 
when rabbits are treated with hydrocortisone. The sensitivity 
of the scans was reduced slightly in the low-dose group and 
significantly in the high-dose group after 3 weeks of steroid 
administration. Sensitivity was influenced most at 48 hr after 
injury; the averages were 41% in the high-dose group as 
compared with 95% for the control group. During the period 
of 1 to 3 weeks after the time of injury, mean sensitivities in 
the high-dose and control groups averaged 84% and 100%, 
respectively. 

Numerous studies have shown that the pharmacologic 
effects of glucocorticoids in humans can be demonstrated 
accurately in animal models [16]. The low-dose group in our 
study received the equivalent of a dose of 14 mg of predni- 
sone per day for a 70-kg person, a commonly used clinical 
dosage. However, even higher dosages are used Clinically, 
on a long-term basis. For example, 60 mg of prednisone per 
day may be necessary to control rheumatoid carditis, glomer- 
ulonephritis, and other collagen diseases. The amount of 
hydrocortisone used in the high-dose group of rabbits ex- 
ceeded that used clinically; however, this study was designed 
to examine whether use of hydrocortisone influences the 


sensitivity of the bone scan and whether that effect is dose- 
related. Hence, a minimum therapeutic dose and a maximum 
tolerable dose were selected for study. Because the effect of 
steroids on bone mass is a function of both the dose and the 
duration of use [16], lower doses of glucocorticoids given 
over longer periods might reduce scintigraphic sensitivity as 
dramatically as in our high-dose group. 

Uptake of °™Tc is directly influenced by blood flow in bone 
and the rate of osteogenesis [17, 18]. Increased regional 
blood flow and heightened osteoblastic activity are present 
after bone injury and during subsequent repair and are re- 
sponsible for increased radionuclide uptake at a fracture site. 
Although glucocorticoids alter bone metabolism in many 
ways, the suppression of osteoblastic activity may be the 
best explanation for the loss in scintigraphic sensitivity after 
fracture. The mechanisms by which the bone-seeking radio- 
pharmaceuticals Tc-MDP or Tc-HDP attach to bone are not 
well understood, but it is thought that the phosphonate com- 
pounds adsorb by chemical bonding on the hydroxyapatite 
crystal surfaces during bone formation [19-21]. Glucocorti- 
coids decrease bone formation and alter the transport and 
accumulation of calcium in bone cells [22, 23]. An equally 
reasonable hypothesis is that the steroids may affect capillary 
permeability, influencing uptake of phosphates by decreasing 
capillary permeability to the phosphates and therefore de- 
creasing access of phosphates to the hydroxyapatite crystal. 
Although steroids do increase bone resorption, this effect 
would not be reflected by the bone scan. The reduction in 
bone mass and generalized osteopenia seen with long-term 
use of steroids [16] also could reduce scan sensitivity as has 
been described in senile osteoporosis [24]. However, the 
rabbits in our study were young and healthy and received 
hydrocortisone for only 3 weeks before bone injury. There- 
fore, it is doubtful that osteoporosis influenced our results. 

The clinical implications of this study are important. Long- 
term glucocorticoid therapy is common for numerous medical 
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conditions. Long-term administration results in decreased 
bone mass, osteopenia, and an increased risk of occult frac- 
ture after minimal trauma [16]. Often occult fractures cannot 
be detected by the plain radiograph, and the bone scan is 
used to exclude this diagnosis. Some researchers think that 
°™T¢-scintigraphy is nearly 100% sensitive at 2 to 3 days 
after injury [5-7]. However, our study shows that reliance on 
the bone scan in the presence of steroid therapy may be 
misleading. In our model, the sensitivity of the bone scan 48 
hr after injury was reduced to 41% in animals being given a 
high dose of hydrocortisone. Sensitivity also was reduced in 
the group receiving a low dose; however, this difference was 
not statistically significant. To maximize scan sensitivity, it 
may be reasonable to delay *°"Tc-imaging longer than 2 to 3 
days after suspected trauma in those patients receiving ste- 
roid therapy. However, even at 3 weeks after injury, sensitivity 
may not approach 100% as it does in the general population. 
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High-Resolution CT 
Scanning in the Evaluation 
of Cervical Spine Fractures: 
Comparison with Plain Film 


Examinations 





Forty-nine patients with cervical spine fractures were identified among 160 patients 
who underwent CT of the cervical spine for blunt trauma. Although there was a high 
index of suspicion on the plain film interpretation, as well as a large percentage of false 
positives, many fractures were found on CT that were not suggested, even in retrospect, 
on the plain radiographs. Of the 136 fractures ultimately identified in these patients, CT 
detected 135 (99%) while only 64 (47%) were seen or suspected on the initial screening 
radiographs. At first glance, this might appear to discredit the plain films as a screening 
device. However, most of these “occult” fractures occurred in vertebrae that had been 
identified as probably fractured in other parts, for example, pedicle fractures found in 
vertebrae initially suspected of harboring only a vertebral body fracture. Most of the 
remainder of the uncovered fractures were in vertebrae immediately adjacent to ones 
that were initially identified as fractured. Indeed, of the 49 patients with fractures, only 
one had an adequately exposed and positioned plain film that was completely normal. 

The ability of CT to determine quickly and confidently the presence or absence of 
cervical fractures and to define the position of fragments in relation to the spinal canal 
is of considerable value in the medical and nursing management of the seriously 
traumatized patient. For example, when a fracture is seen or suspected on conventional 
films, a limited CT examination of the area is recommended. Plain films should be used 
to guide the CT examination so that an intact vertebra above and below the lesion is 
included. 

If an adequately exposed and positioned plain film series of the cervical spine is 
normal, it is unlikely that CT will reveal a fracture. While conventional radiographs fail 
to detect a surprising number of fractures, they retain their value as a screening tool 
and as a guide to selective CT imaging. 


Of the 10,000 cases of spinal cord injury that occur annually in the United States, 
approximately 63% are related to cervical spine trauma [1, 2]. The probability of 
neurologic damage in association with a bony cervical spine injury has been 
reported as 39-50% [2, 3]. Morbidity from these injuries can be reduced by prompt 
recognition. Radiologic errors have been shown to contribute to delayed or missed 
diagnoses of cord injury [4]. 

Many cervical spine fractures escape detection on routine radiographs. Special- 
ized views, complex motion tomography, and CT have been advocated as tech- 
niques to clarify further the nature of a patient’s injury and to improve the detection 
rate of bony injury. A long experience with polytomography has shown that many 
fractures are missed on plain films [5, 6]. The experience with CT is less extensive 
[7-11]. We present our findings in a large series of patients examined using high- 
resolution, fine-cut CT to supplement conventional radiographs. As a measure of 
the value of CT, the fracture detection rates of CT and routine cervical radiographs 
in the setting of acute cervical trauma are compared. 


Materials and Methods 


Harborview Medical Center (Seattle, WA) is the major trauma center for the Seattle area. 
One hundred sixty patients admitted to its emergency room between September 1984 and 
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September 1985 underwent CT scanning of the cervical spine for 
acute, nonpenetrating trauma. The group included 112 males and 48 
females ranging in age from 2 to 84 years. The majority were victims 
of car accidents. 

The radiology reports, the original plain films, and the cervical CT 
scans of these 160 patients were reviewed. From this group, 49 were 
found to have definite fractures; four patients with only questionable 
fractures on CT alone have been excluded. The remainder of these 
patients were thought either to be normal or to have purely ligamen- 
tous injuries. 

Our routine trauma series consists of an anteroposterior, an open- 
mouth anteroposterior odontoid, and a lateral view of the cervical 
spine supplemented by a swimmer’s lateral if necessary for visuali- 
zation of the lower cervical spine. Despite this routine, nine of the 49 
patients with fractures did not get the complete series. Four of the 
patients with C2 fractures had no record of an anteroposterior 
odontoid view, and five patients with fractures elsewhere had no 
anteroposterior view. Additional radiographs were obtained in the 
emergency room at the discretion of involved physicians; thus 12 of 
the 49 had other views, usually bilateral obliques. 

The CT scans were limited to segments of the cervical spine where 
screening plain films detected or suggested fractures, where plain 
films were deemed inadequate, or where clinical suspicion of injury 
was high. In general, the neck was scanned to include one vertebra 
above and one vertebra below the level of interest; the average 
number of vertebrae scanned per patient was 3.1. The CT images 
were generated on a General Electric CT/T 9800; typical parameters 
were 120 kVp and 200 mA with a 2-sec scan time. The bone target 
algorithm was used, and the patients were scanned without gantry 
angulation. Most of the scans were 1.5-mm thick and were obtained 
at 1.5-mm intervals, although nine of the 49 with fractures were 
scanned at 3-mm intervals. With 1.5-mm slices, each vertebra re- 
quires about 12 slices. In most cases, scans were limited to 35 slices. 
Reformations were obtained routinely, usually five in the sagittal or 
oblique planes supplemented by coronal scans if the atlantoaxial 
region was being studied. Rarely, other planes that were tailored to 
the patient also were obtained. 

Most of the cases were admitted after hours, with the initial 
interpretation of the plain films and monitoring of the CT scan being 
done by the radiology resident on call. These two studies were 
usually obtained within a few hours of each other; in some cases, 
however, traction was applied in the interim. In these instances, plain 
films were available before and after traction, but the CT images were 
restricted to the posttraction spine. The plain films and CT scans 
were reviewed by separate attending radiologists on the following 
morning and were generally read without the complementary images 
actually at hand. 

For this study, two of the authors reexamined both the CT and 
plain films. With the CT scans and the previous reports available, the 
accuracy of the plain film examination improved; these interpretations 
were tabulated as the retrospective plain film reading. In 14 instances 
among the 160 cases reviewed, the CT readings were revised 
because we believed that normal structures had been mistaken for 
fractures or that fractures had been missed. In no instances were 
these revisions related to findings obtained on plain films. 

For our analysis, a fracture was considered to be present or absent 
on the basis of consensus of the authors after retrospective review 
of both the plain film and the CT findings. To enumerate fractures, 
each vertebra was divided into ten components: the body (anterior 
arch in the case of C1), two pedicles, two articular pillars, two 
transverse processes, two laminae, and one spinous process. Multi- 
ple fractures of a single component were counted as one fracture. 
For example, if two fractures of the left lamina of C5 were seen on 
CT but only one on plain films, it was counted as a single fracture for 
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each technique. The only exception to this scheme involved the 
vertebral body. In two cases, the plain film showed only a triangular 
fracture off of a corner of the vertebral body, but CT showed, in 
addition, a complete sagittal fracture. These were counted as one 
fracture on plain films and as two on CT. Diagnosing a fracture on 
plain film did not require actual visualization of a fracture line; evidence 
of displacements that imply the presence of a fracture was considered 
sufficient. The plain film interpretation of each element was separated 
into one of three categories: (1) no evidence of fracture, (2) suspicious 
for fracture, and (3) definite fracture. 


Results 


Five hundred ten vertebral bodies were scanned in the 160 
patients. Ninety-six vertebrae were scanned because of rec- 
ognition or suspicion of fracture. Of these, 50 (52%) were 
ultimately confirmed to be fractured. Two hundred thirty-eight 
vertebrae were scanned only because they were in proximity 
to vertebrae that were suspected or seen to be fractured on 
plain films. In this group, 19 (8%) were broken. One hundred 
one vertebrae were scanned because plain films of the area 
(either C1—C2 with numerous overlying tubes or lower cervical 
spine with obscuring shoulders) had been considered inade- 
quate; six (6%) of these vertebrae were fractured. Finally, 75 
vertebrae were scanned for reasons not directly related to 
the plain film findings; three (4%) of these were fractured. 

In the 49 patients with cervical fractures, 79 fractured 
vertebral bodies were found. Many vertebrae had multiple 
fractures, yielding a total of 136 separate fractures. As shown 
in other series [12], the fractures were concentrated near the 
craniocervical (38/136 = 28%) and cervicothoracic (62/136 = 
46%) junctions. On the initial plain film reading, only 36 (26%) 
of the 136 fractures had been correctly identified, while an- 
other 28 (21%) fractures had only been suspected. The 
remaining 72 (53%) fractures were completely missed (Table 
1). In our retrospective review with knowledge of the CT 
findings, 51 (38%) of the fractures could be identified on the 
plain films, and 28 (21%) more could be read only as suspi- 
cious for fracture. However, 57 (42%) fractures could not be 
seen on the plain films, even in retrospect (Table 2). 

The sensitivity of plain films varied with the position of the 
fracture in the vertebra. Plain films were most accurate in the 
detection of fractures involving the body and spinous process, 
but even here a substantial number of fractures were missed. 
Fractures of the vertebral arch and transverse processes 
were seen much more frequently on CT than on plain films. 


TABLE 1: Initial Plain Film Interpretation of 136 Fractures 





No. of | Detected Suspected Missed 
Fractures (%) (%) (%) 

Body 38 21 (55) 7(18) 10 (26) 
Transverse process 19 0 (0) 2(11) 17 (89) 
Pedicle 11 1 (9) 1 (9) 9 (82) 
Articular pillar 20 2 (10) 6 (30) 12 (60) 
Lamina 35 5 (14) 12 (34) 18 (51) 
Spinous process 13 7 (54) 0 (0) 6 (46) 
Total 136 36 (26) 28 (20) 72 (53) 
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In two instances, fractures were seen only on the plain films 
and were missed on the CT examination (See Discussion). 


Discussion 


This study uses fracture detection rates to compare CT 
and plain films because these rates are relatively easy to 
quantify. However, the absolute accuracy of fine-cut CT could 
not be directly assessed by this study since anatomic speci- 
mens were not examined. One recent study of cadavers [13] 
found fractures at dissection that were not seen on CT, 
although in some instances this may have been due to inter- 
pretation error rather than to insensitivity of the CT scans. 
Likewise, without scanning the entire spine in all traumatized 
patients, one cannot obtain a completely accurate estimate 
of the total number of fractures that are missed either by plain 
films or by a more limited CT examination. Because of these 
inherent limitations in our retrospective study, we defined our 
“gold standard” for the presence of fracture as the consensus 
decision of the authors after retrospective review of both the 
plain films and the CT examination. 

The more limited the number of views obtained in the plain 


TABLE 2: Retrospective Plain Film Interpretation of 136 
Fractures 





No. of | Detected Suspected Missed 
Fractures  (%) (%) (%) 

Body 38 22 (58) 9 (24) 7 (18) 
Transverse process 19 2 (11) 4 (21) 13 (68) 
Pedicle 11 3 (27) 0 (0) 8 (73) 
Articular pillar 20 3 (15) 4 (20) 13 (65) 
Lamina 35 12 (34) 11(31) 12 (34) 
Spinous process 13 9 (69) 0 (0) 4 (31) 
Total 136 51 (38) 28 (21) 57 (42) 








Fig. 1.—27-year-old man after a motor vehicle accident. 
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fim examination, the better CT will appear in comparison. 
The standard plain film examination for the acutely trauma- 
tized spine is less extensive at our institution than the exam- 
inations recommended by others [14]. Additional projections, 
such as oblique and pillar views, may occasionally be useful. 
In patients in whom the level of suspicion is low, confusing 
findings can sometimes be resolved by simply obtaining ad- 
ditional views rather than by resorting to CT. The use of 
flexion-extension films may provide information that cannot 
be obtained with CT, although the role of such views is not 
clear in the workup of acute cervical spine trauma. However, 
requiring a large number of plain films in every patient with a 
possible cervical spine injury has the disadvantage of length- 
ening the amount of time spent evaluating patients in the 
emergency room, some of whom have other serious injuries. 
For a patient in whom a fracture has been identified or is 
strongly suspected, we believe it is more efficient to perform 
an early CT than to obtain additional plain films. 

The superiority of CT over plain films in fracture detection 
is only one argument in favor of its use. The true value of CT 
extends beyond simple detection of additional fractures; in- 
deed, it can be argued that many of the additional fractures 
found are not clinically significant. The ability of CT to quickly 
rule out areas suspected of fracture is important in reducing 
workup time, expense, and, in some cases, the length of the 
hospital stay. The greater sensitivity of CT in comparison with 
plain films in identifying the position of bone fragments relative 
to the cord or in showing the size of a compromised vertebral 
canal is also important [7, 15] (Fig. 1). 

Time, radiation, and financial constraints make it unrealistic 
to attempt to examine the entire cervical spine with high- 
resolution CT in all patients suspected of neck trauma. Given 
these practical constraints, the entire cervical spine could be 
covered only if 5- to 10-mm-thick sections were obtained. 
This, however, would increase the likelihood of missing frac- 
tures, especially those oriented in a horizontal plane. There- 





C 


A, Lateral plain film. A teardrop fracture of C4 is identified, and there is a suggestion of a posterior element fracture. 
B and C, 1.5-mm axial CT of C4 (B) with coronal reconstruction (C) shows left lamina fracture with bony fragment (not well visualized on plain films) 
protruding into spinal canal. A transverse process fracture and body fracture are also shown. 
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fore, the selection of which patients and which vertebrae are 
to be studied by CT should be done only after a careful review 
of the screening radiographs and clinical findings. Because 
CT is available, we can interpret plain films with a very high 
index of suspicion, and then use CT to decrease the number 
of reports relayed to clinicians as “suspicious for fractures, 
though no definite fracture seen.” In our series, 63% of the 
initially suspected fractures were ultimately found to be false- 
positive results. 

Despite the fact that there was a high index of suspicion 
on the plain film interpretation and a large percentage of false- 
positive results in the “suspicious” category, many fractures 
were found on CT that were not suggested, even in retro- 
spect, on the plain radiographs. This might appear to discredit 
the plain films as a screening device. However, most of these 
“occult” fractures occurred in vertebrae that had been identi- 
fied as probably fractured in other parts—for example, pedicle 
fractures found in a vertebra initially suspected of harboring 
only a vertebral body fracture. The majority of the remaining 
fractures were in vertebrae immediately adjacent to ones 
initially identified as fractured (Figs. 2 and 3). Indeed, of the 
49 patients with fractures, only one had an adequately ex- 
posed and positioned plain film that was completely normal. 
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Although polytomography is available at our institution, it is 
seldom used to evaluate cervical spine trauma because of 
the relative difficulty and potential dangers of positioning the 
acutely injured patient for this examination. Many of the 
patients in this series had cranial as well as cervical injuries. 
In such patients, adding a cervical examination to the head 
CT requires only an additional 15 min (not including recon- 
struction and filming time). The patient remains supine during 
the CT examination and can be conveniently maintained on 
life-support systems and in traction. Fine-cut CT seems to be 
at least as sensitive and probably more sensitive than poly- 
tomography in the detection of fractures. Binet et al. [5] 
examined 136 patients with cervical spine trauma with both 
standard plain films and polytomography and found 142 bony 
fractures, 39% of which could not be recognized on plain 
films. In our own study, the percentage of uncovered fractures 
(42%) was slightly higher than this. Others have also affirmed 
the sensitivity of CT [7-12, 16-24]. 

From reported studies, one can estimate that the radiation 
dose of high-resolution CT is on the order of 3-4 rad (0.03- 
0.04 G)/scan section at the skin [18, 25, 26]. The total dose/ 
section does not increase more than a factor of two above 
this, regardless of the number of sections scanned [25]. With 


Fig. 2.—25-year-old man after a motorcycle 
accident. 

A and B, Anteroposterior (A) and lateral (B) 
plain films of cervical spine show fracture (ar- 
row) of anterosuperior portion of C7, as well as 
compromise of bony canal. 

C, Axial CT scan of C6 shows body, bilateral 
lamina, and right pedicie fractures not seen on 
plain films. 

D, Axial CT of C7 shows comminuted body 
fracture. In addition, there is an unsuspected left 
lamina fracture that also impinges on neural 
canal. 
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Fig. 3.—40-year-old man after being hit by a 
car while riding a motorcycle. 

A, Lateral plain film of cervical spine shows 
posterior displacement of lateral masses of C1 
with respect to C2, consistent with a burst or 
Jefferson fracture of C1. 

B, 1.5-mm axial CT of C1 clearly shows frac- 
tures and relationship of bony fragments. 


A 


polytomography, the skin dose/slice is about 1.1 rad (0.011 
G)/scan section [25]. Although the dose/section is less than 
that for CT, the dose from polytomography increases almost 
arithmetically with the number of contiguous sections 
scanned, yielding a skin dose of about 11-13 rad (0.11-0.13 
G) for a 10-section examination [25, 26]. A further consider- 
ation is that with polytomography of the entire cervical spine, 
the thyroid will be irradiated on every section. With CT, only 
those sections passing directly through the thyroid will irra- 
diate it significantly. Therefore, the radiation exposure from 
CT does not provide a serious argument against scanning 
this small population with suspected cervical spine injuries, 
especially in view of the information provided. 

Reformatted images have some value in reducing the 
chance of missing a fracture, particularly those oriented hori- 
zontally. One cannot always rely on reformations, however, 
because many severely injured patients move enough be- 
tween slices to cause severe misregistration artifacts, even 
though the individual axial scan may be satisfactory. All 
fractures suggested on reformatted images must be con- 
firmed by reexamination of the axial sections. Although ver- 
tebral malalignment can be difficult to detect on CT without 
reformations, this is rarely a practical problem because of the 
information provided by plain films. 

One of the common causes of neurological injury in patients 
with normal routine cervical spine films has been found at 
autopsy to be hyperextension injury with a horizontal, spon- 
taneously reduced vertebral body fracture [27]. Some con- 
cern has been expressed in the literature that CT scans 
cannot show fractures that are nearly parallel to the scanning 
plane. In our institution, 1.5-mm slices are used to minimize 
this problem and to improve visualization of the facet joints, 
which are also sometimes closely aligned with the scanning 
plane. The radiologist’s ability to resolve horizontal fractures 
is greatly enhanced by familiarity with their CT appearance. 
Such fractures often appear as somewhat broad bands of 
decreased density that march across the bone on consecutive 
slices rather than as a distinct line of low attenuation, more 
commonly seen with other fractures. 

It may well be that such horizontal fractures will be missed 
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by CT and that flexion-extension films or other maneuvers 
will be required to detect them. The two fractures missed by 
CT in our study were horizontally oriented fractures, although 
other, extenuating circumstances can at least partially explain 
these errors. In the first case, a 2-year old child had a fracture 
through the uncalcified synchondrosis between the dens and 
the body of C2 that was obvious on the initial films because 
of abnormal angulation but that could not be definitely seen 
on the subsequent plain films or CT scans, which were all 
obtained after realignment. The second case involved a non- 
displaced fracture through the base of the odontoid in a 
middle-aged man that was missed on both the initial plain 
radiographs and the CT scan. The injury finally was recog- 
nized on films obtained several days later after the fracture 
site had been slightly distracted by traction employed for 
treatment of an identified C3 fracture. This patient was among 
those who had been scanned with 3 mm rather than 1.5 mm 
contiguous slices; we believe the 3-mm slice results in a less 
sensitive examination (Fig. 4). In no other case was a fracture 
seen on plain films missed by CT. 

Because of the previously discussed limitations inherent in 
this retrospective study, we were unable to determine the 
number of fractures detected by CT in patients in whom there 
is not even a suggestion of a fracture on the plain film. 
However, we have acquired some indirect evidence that CT 
is unlikely to detect fractures in such patients. Thirty-two of 
our patients with normal lateral views were scanned only 
because tubes obscured to some degree the frontal conven- 
tional views. None of these patients had fractures. Twenty- 
five patients with satisfactory plain films had part of their 
cervical spine (usually C1—C2) scanned in conjunction with 
cranial CT in the absence of questionable findings on plain 
films, and only one of these patients had a fracture. Of the 49 
patients with fractures, only one was thought to have a normal 
plain film. In three, there was inadequate visualization of the 
area in which a fracture was ultimately discovered; the re- 
mainder had plain film findings that directed CT to the appro- 
priate region. At the time of CT scanning, the center of the 
scanning volume was placed at the level of plain film abnor- 
mality, and the adjacent bodies were also scanned. If the 
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(arrow in C). 





questionable level was normal, invariably the adjacent bodies 
were also intact. 

Multilevel fractures are common in cervical trauma and 
were present in 19 (39%) of our 49 patients. Since we did not 
scan the entire cervical spine in all patients, the frequency of 
occult skip fractures missed on plain films cannot be calcu- 
lated from our data. However, in the levels that were scanned, 
two (4%) of the 49 patients had noncontiguous fractures. In 
another, larger series of 399 patients [28], 20% were found 
to have multilevel injuries. In this population, multilevel non- 
contiguous injuries were also uncommon (0.5%). In another 
recent series [29], 12 (8%) of 155 patients with craniovertebral 
fractures had injuries at noncontiguous levels in the cervical 
spine. The two patients in our study with noncontiguous 
fractures represented 8% of 24 craniovertebral fractures. In 
these two cases, the distant fractures were not neurologically 
significant. 

We also reviewed the subpopulation of patients who sat- 
isfied two criteria: (1) the plain film Suspected or recognized 
a fracture at a given level that was later confirmed by CT and 
(2) the adjacent vertebrae were originally thought to be intact. 
Twenty percent of such adjacent vertebrae were in fact found 
to be fractured by CT. The question arises whether a patient 


Fig. 4.—45-year-old man after a motor vehicle accident. 

A, Lateral cervical spine plain film shows triangular anteroinferior fracture of C3 vertebral body. 

B and C, Poor visualization of craniocervical region on anteroposterior odontoid view necessitated 
a CT scan. Two 3-mm axial slices are shown. Only a hint of bony disruption at base of dens is seen 


D, This plain film, taken several days later while patient was in traction for C3 fracture, clearly 
shows a type Il dens fracture (arrow). The use of 3-mm-thick slices here probably resulted in a less 
sensitive examination than could have been obtained with 1.5-mm-thick slices. 


with a fracture should undergo CT of the entire cervical spine. 
Since fractures in contiguous vertebrae are fairly common 
and noncontiguous or skip fractures seem to be relatively 
uncommon, we believe that this would prove to be a low- 
yield strategy. It is therefore our recommendation that the 
area of suspected injury be scanned to include an intact 
vertebra both above and below the lesion. 

Our scanning protocol for the acutely traumatized cervical 
spine consists of first screening all patients with anteropos- 
terior and lateral films, as well as a coned-down anteropos- 
terior view of the odontoid and C1—C2 junction. Then all 
patients with plain film findings suspicious or definitive for 
cervical fracture undergo 1.5-mm high-resolution CT. Refor- 
matted images are obtained routinely. The plain film findings 
are used to center the examination, and the CT study is 
arranged to include an intact vertebra both above and below 
the lesion. 

Had this protocol been followed strictly, at least 65 (41%) 
of 160 patients would not have been scanned, and only four 
fractures would have been missed. Of these 65 patients, 25 
were scanned for no specific reason that we could identify in 
retrospect. None of these patients had fractures. The other 
40 patients were scanned because of poor visualization of 
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some area—usually either the craniocervical region on the 
anteroposterior film or the cervicothoracic region on the lateral 
film—and four of these patients had fractures. In retrospect, 
one of these fractures could be seen on the plain film and 
another could be suspected. 

In summary, CT is capable of identifying many more frac- 
tures than are conventional films. An experienced person will 
rarely miss a fracture on thin-slice, high-resolution CT, if that 
fracture can be seen on plain films. The ability to determine, 
quickly and confidently, the presence or absence of cervical 
fractures and to define the position of fragments in relation to 
the spinal canal is extremely useful in the medical and nursing 
management of the seriously traumatized patient. CT is rec- 
ommended when a fracture is seen or Suspected on conven- 
tional films. If an adequately exposed and positioned plain film 
series is normal, it is unlikely that CT will show a fracture. 
While conventional radiographs fail to detect a surprising 
number of fractures, they retain their value as a screening 
tool and as a guide to selective CT imaging. 
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Musculoskeletal Imaging: An Evolving Subspecialty 


David J. Sartoris! 


Of all the subspecialties in diagnostic radiology, bone and 
joint imaging has traditionally been considered the least ex- 
citing by members of our profession. For years an area that 
almost exclusively involved meticulous analysis of conven- 
tional radiographs, bone and joint imaging has tended to 
attract few trainees from residency programs. Instead, such 
individuals have gravitated toward subspecialties involving 
the application of special procedures and advanced imaging 
techniques, including neuroradiology, cardiovascular radiol- 
ogy, and abdominal imaging. 

Despite these facts, one need only examine the major 
scientific programs and literature in radiology during recent 
years to appreciate that the situation is rapidly changing. 
Musculoskeletal imaging, the final frontier for application of 
new technologies, including radiopaque contrast media, CT, 
diagnostic sonography, interventional methods, and MR, is 
proving to be a diverse and extremely interesting subspecialty 
area. Contrast arthrography has expanded to encompass the 
temporomandibular, subtalar, and other small joints. CT has 
found countless areas of use in both the axial and appendic- 
ular skeleton, ranging from lumbar disk disease to a variety 
of podiatric disorders. Sonography has extended its role from 
the identification of popliteal cysts to detection of rotator cuff 
tears and other subtle soft-tissue abnormalities. Procedures 
such as percutaneous bone biopsy, discography, facet joint 
and nerve root injection, intralesional therapy of bone neo- 
plasms, catheter drainage of infected articulations, and chem- 
onucleolysis are at the forefront of interventional radiology. 
Finally, MR imaging is finding its greatest application in bone 
marrow disease and musculoskeletal soft-tissue disorders, 
areas previously occult to the diagnostic radiologist. 


Received December 3, 1986; accepted after revision December 24, 1986. 


In a nation in which athletic endeavors have become in- 
creasingly popular and motor transportation has become a 
virtual necessity, musculoskeletal trauma constitutes a grow- 
ing percentage of the total workload in most radiology de- 
partments. Simultaneously, major attention to osteoporosis 
on the part of public health officials and the population at 
large has increased the demand for bone densitometric stud- 
ies and their interpretation. Furthermore, innovations in or- 
thopedic surgery have required enhanced skills in pre- and 
postoperative imaging assessment, including the application 
of new methods such as three-dimensional imaging and mod- 
eling. 

The impact of these trends has been a steadily increasing 
demand for subspecialists in musculoskeletal imaging, at both 
the academic and private practice levels. However, the num- 
ber of fellowship positions in this area nationwide remains 
relatively small. Furthermore, comparatively few graduating 
radiology residents take additional training in the field. Al- 
though the reasons for the latter are unclear, the fact that 
musculoskeletal imaging has always been and continues to 
be one of the most intellectually difficult subspecialties may 
be a discouraging factor; choice of a subspecialty is often 
made on the basis of how readily the material is grasped by 
the individual trainee. Furthermore, the body of knowledge 
required for expertise in the area increases on a daily basis. 

It should be clear from the preceding remarks that several 
important suggestions can be made regarding the future of 
diagnostic radiology as it relates to the musculoskeletal sub- 
specialty: (1) Every major academic and private institution in 
a large metropolitan area should have a trained expert in the 
field of musculoskeletal imaging, as has traditionally been the 
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case with neuroradiology, angiography, and other subspe- 
cialties. (2) Greater emphasis should be placed on musculo- 
skeletal imaging in postgraduate courses. (3) Efforts should 
be made to increase the number of available fellowship posi- 
tions in musculoskeletal imaging across the country. (4) Res- 
idency programs in academic and private settings should 
encourage trainees to pursue subspecialty training and/or 
careers in musculoskeletal imaging. This might be achieved 
by increasing emphasis on resident research projects dealing 
with musculoskeletal imaging, refinements in teaching aimed 
at rendering the subject more exciting and appealing, and 
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integration of advanced techniques into the department's 
capabilities for evaluation of bone, joint, and soft-tissue dis- 
ease. 

It is my personal opinion that the musculoskeletal subspe- 
cialty, the “final frontier,” is indeed the best. The case material, 
the variety of work, the challenges, and most of all, the 
camaraderie of the people involved are unrivaled in all of 
diagnostic radiology. Although a long time in coming, the most 
exciting subspecialty in radiology has finally emerged from 
hiding and declared itself. 
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Book 
Reviews 





Computed Tomographic Angiography of the Mediastinum. By Lee Chiu, William Stanford, and Vicky S. Yiu- 


Chiu. St. Louis: Green, 214 pp., 1986. $55 


This book includes many illustrations and a brief text on CT of the 
mediastinum performed by using IV angiography. It has three parts: 
technical considerations, normal anatomy, and abnormal findings. 
The first describes several techniques. The part on normal anatomy 
correlates enhanced CT with anatomic cross sections and illustrated 
diagrams. Explanations are given. The last section contains chapters 
on mediastinal and hilar lesions, diffuse mediastinal widening, occult 
tumors, thoracic disease abutting on the mediastinum, aneurysms, 
cardiac lesions, and obstructions of the superior vena cava. Advan- 
tages and limitations of CT angiography are given. 


Imaging in Internal Medicine. Edited by Robert L. Siegle. 


The purpose of this textbook is to provide more radiographic 
information relevant to problems in internal medicine than is available 
in textbooks of internal medicine. It was written for medical students, 
house staff, and practitioners of internal medicine. Stein’s /nternal 
Medicine was used as the basis for the text. Nine chapters by six 
authors include one each on gastrointestinal disease, cardiovascular 
disease, respiratory tract disease, genitourinary disease, oncology, 
bone and joint disease, endocrine and reproductive disease, neuro- 
logic disorders, and medical complications of pregnancy. 

Almost without exception, the illustrations are of excellent quality, 
well chosen, and aptly described. This alone goes a long way toward 
accomplishing the authors’ goal. For the most part, common prob- 
lems are emphasized, typical radiographic appearances are illus- 
trated, and the benefits of the various imaging techniques are dis- 
cussed appropriately. Algorithms are (thankfully) omitted. 

The chapters on respiratory tract disease and bone and joint 
disease are particularly pleasurable reading. They are a tribute to the 
authors’ writing skills and their interest in and knowledge of their 
subjects. The chapter on endocrine and reproductive disease is a 
nice illustration of how a prodigious amount of pertinent information 
can be provided in few well-chosen words, an ability that seems to 


The book is nicely bound, and the quality of the paper is excellent. 
The illustrations are good, and the text is easy to read. 

At the end are a good bibliography and index. The book’s aim is 
to illustrate disease processes, not to be a definitive work. 

| recommend this book for persons who interpret chest CT scans 
or who are interested in thoracic diseases. 


Harris Newmark III 
1424 Brinkley Ave. 
Los Angeles, CA 90049 


Boston: Little, Brown, 262 pp., 1987. $35 


be increasingly rare today. 

Unfortunately, not all knowledgeable authors are skilled writers, 
and this multiauthored text suffers in this regard. The text of the 
section on genitourinary disease, for example, peppers the reader’s 
mind with a huge assortment of randomly assembled facts. The 
information can be sorted out by a reader already knowledgeable in 
the area, but it will be difficult for the less knowledgeable to assimilate 
and arrange the information into a coherent, working whole. 

The only other criticism of significance, in my opinion, is the 
absence of references. A general bibliography is provided at the end 
of each chapter, but the source of specific statements cannot be 
located quickly, an omission that | found disturbing when my under- 
standing or recollection differed from that of the author. | think this 
will be a frustrating deficiency for the internist interested in verifying 
information or in further increasing knowledge in a particular area. 

In the main, /maging in Internal Medicine is a well written and 
worthwhile text. It is recommended to those for whom it is intended. 


J. H. Arndt 
Baylor University Medical Center 
Dallas, TX 75246 
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Comparative Evaluation of 
the Pulmonary Arteries in 
Patients with Right 
Ventricular Outflow Tract 
Obstructive Lesions 





The purpose of this prospective study was to assess and compare the roles of CT, 
sonography, and cineangiography in the evaluation of the central pulmonary arteries. 
Twenty patients with severe cyanotic congenital heart disease were evaluated. In six 
patients, cineangiography failed to identify pulmonary arteries (four right, two left) that 
were seen by CT. Narrowing within the right pulmonary artery was seen more clearly by 
CT and sonography than by cineangiography in one-third of patients. By contrast, 
narrowing of the origin of the left pulmonary artery shown by cineangiography was not 
detected by either CT or sonography in four of four patients. CT has a complementary 
role and should be performed when (1) the pulmonary arteries are not well seen by 
cineangiography or sonography, (2) confirmation of the patency and adequacy of the 
pulmonary arteries is necessary before complete repair, or (3) documentation of interval 
growth of the pulmonary arteries is desired after palliative surgery. 


Knowledge of the distribution and size of the central pulmonary arteries is 
essential in determining the surgical options in children with severe cyanotic right 
ventricular obstructive lesions. Although the hilar portion of the pulmonary arteries 
is always present [1, 2], the central pulmonary arteries may be absent. 

Cineangiography has been the method of choice in delineating the morphology 
of the pulmonary arteries. In addition to pulmonary arteriography, contrast injections 
in the aorta, aortopulmonary collaterals, and pulmonary vein are often required to 
opacify the pulmonary arteries [3-5]. Despite these techniques, pulmonary arteries 
sometimes are not identified until surgery or autopsy [6]. Such failure of detecting 
the central portions of the pulmonary arteries by cineangiography may be caused 
by the flow phenomenon, resulting in lack of opacification by contrast material, or 
development of thrombus in a previously patent pulmonary artery. 

Recently CT and sonography have been used for the evaluation of the presence, 
size, and distribution of the pulmonary arteries in children with severe right 
ventricular obstructive lesions [7-9]. The purpose of this prospective study was to 
assess and compare the roles of CT, sonography, and cineangiography in the 
evaluation of the central pulmonary arteries. 


Subjects and Methods 


We studied 20 patients diagnosed with either pulmonary atresia (n = 7), tetralogy of Fallot 
(n = 4), pulmonary artery stenosis (n = 2), or miscellaneous complex cyanotic cardiac lesions 
(n = 7). At the time of the CT study the patients were 1-36 years old (mean, 8.4 years). In 
13 patients CT was performed to evaluate the morphology of the pulmonary arteries, which 
could not be shown adequately by either cineangiography or sonography. CT was performed 
as a screening procedure before cineangiography in the other seven patients. 


1190 


Chest CT was performed with a GE 9800 scanner after adminis- 
tration of 2 ml/kg (to a maximum dose of 100 ml) of Hypaque 60 
(sodium diatrizoate) given as a bolus at the level of the aortic arch. 
Most of our patients did not require sedation, but children who were 
less than 5 years old were sedated with oral chloral hydrate (50 mg/ 
kg, with a maximum of 1 g). By using the scout view for localization, 
sections were obtained from the top of the aortic arch to the level of 
the pulmonary veins. Sections 5-mm thick were obtained at 5-mm 
increments by using the dynamic mode. 

Sonography was performed with an Advanced Technology Labo- 
ratories Ultramark 8 or Mark 600 scanner (Bellevue, WA). The pul- 
monary arteries were imaged either from the parasternal short-axis 
view and/or from the suprasternal long- and short-axis views. Meas- 
urements of the pulmonary arteries were made in an axial direction 
when possible. Systolic and diastolic measurements were obtained, 
and the systolic determination was used for comparison purposes. 
Sonography was performed within a few days of CT, except in one 
patient in whom the study had been performed a year earlier. A 
technical failure was defined as either nonvisualization because of 
interposition of lung or failure to obtain appropriate views. 

Sonograms were the only type of study in the technical failure 
category, perhaps because the studies were performed by more than 
one operator, while CT studies were performed by only one operator. 
In addition, CT studies were performed specifically to evaluate the 
pulmonary arteries, while sonography was part of a more general 
evaluation. 

Cineangiography was performed within 4 months of the CT study 
in 17 patients. Of the 17, seven had CT before and 10 after angiog- 
raphy. In the other three patients, angiography was performed 1 year 
before CT in two and 4 years before CT in one. 


Key to Abbreviations in Figures 1-4 


AA or AAO 
DA or DAO 


ascending aorta 
descending aorta 

left pulmonary artery 
LVV left vertical vein 

main pulmonary artery 
right pulmonary artery 
right pulmonary artery 
superior vena cava 
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Pulmonary arteriography was performed either by injection into the 
pulmonary arteries, right ventricle, or by injection into surgical shunts 
or collaterals communicating with the pulmonary arteries. Two pa- 
tients had peripheral pulmonary venous wedge injections. 

The distribution of main, right, and left pulmonary arteries was 
evaluated by the three imaging techniques. The nonvisualization 
category included pulmonary arteries that were either not seen or of 
uncertain morphology. The right and left pulmonary arteries were 
measured at their greatest diameters by all three techniques. Meas- 
urements were made by a single observer for each technique. On 
CT, the pulmonary artery was measured as it coursed posterior to 
the ascending aorta (Fig. 1). The left pulmonary artery was measured 
as it coursed over the left mainstem bronchus. Measurements by 
both CT and sonography were made with electronic calipers, while 
those by cineangiography were made with a grid filmed at the same 
distance from the image intensifier as the patient had been when 
filmed. The measurements obtained by CT, cineangiography, and 
sonography of both right and left pulmonary arteries were compared 
by using pairwise t tests. Simple linear correlations were performed 
between each pair of imaging techniques for each artery. For both 
tests, p < .05 was considered statistically significant. 

Surgical confirmation of the central pulmonary arteries morphology 
was available in 13 patients. 


TABLE 1: Frequency of Imaging Pulmonary Arteries by 

Sonography, CT, and Cineangiography 

SS SS SS SS SE > ee a oe EE ED 
No. of Cases (n = 20) 


Artery: Technique Not Seen or Technical 
mages Uncertain Failure 

Main pulmonary artery: 

Sonography 10 7 3 

CT 16 4 0 

Cineangiography 16 4 0 
Right pulmonary artery: 

Sonography 16 2 2 

CT 18 2 0 

Cineangiography 14 6 0 
Left pulmonary artery: 

Sonography 14 4 2 

CT 19 1 0 

Cineangiography 17 3 0 





Fig. 1.—3-year-old child with tricuspid atresia 
and right Blalock-Taussig shunt. See abbrevia- 
tion key above. 

A, Injection at Blalock shunt shows tenting of 
right pulmonary artery at site of shunt entry. 

B, CT section at level of pulmonary arteries. 
Pulmonary arteries were measured at sites in- 
dicated by arrows. 
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Results 
Pulmonary Artery Visualization 


The frequency of visualization of the pulmonary arteries in 
children with severe right ventricular obstruction is summa- 
rized in Table 1. Cineangiography failed to show the right 
pulmonary artery in six patients and the left pulmonary artery 
in three patients. While CT failed to show the right pulmonary 
artery in two patients and the left pulmonary artery in one 
patient, it identified four right and two left pulmonary arteries 
not seen by angiography (Figs. 2 and 3). Sonography imaged 
the pulmonary arteries in four of the six patients in whom 
they were seen by CT but not by cineangiography. Surgical 
confirmation of the CT findings was obtained in five patients. 
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Early in the study, an erroneous CT interpretation was made 
in a patient with dextrocardia and pulmonary atresia. The 
superior portion of the left atrium was interpreted as repre- 
senting the right pulmonary artery in a patient with an absent 
right pulmonary artery by cineangiography. In two patients 
(one with surgical confirmation) the main pulmonary artery 
was absent by sonography, CT, and cineangiography. 


Pulmonary Artery Confluence 


The ability of CT, sonography, and cineangiography to 
show the confluence of the pulmonary arteries is detailed in 
Table 2. Of the 20 patients, five had discontinuous pulmonary 
arteries by all techniques; three were proven by surgery. 





E 


Fig. 2.—37 -year-old patient with pulmonary atresia, ventricular septal defect, and Pott’s anastomosis. See abbreviation key on facing page. 
A, Aortic root injection shows opacification of left pulmonary artery through Pott’s anastomosis (arrow). Right pulmonary is not opacified. 
B, Injection in left pulmonary artery with balloon inflated (arrow) to occlude Potts anastomosis and obtain retrograde flow into right pulmonary artery. 


No contrast material opacified right pulmonary artery. 


C, Right pulmonary vein wedge injection shows retrograde opacification of hilar branches of right pulmonary artery with no opacification of intrapericardial 


portion of right pulmonary artery. 


D, Sonography shows small vascular structure that probably corresponds to right pulmonary artery. 
E, CT section slightly below bifurcation of trachea. Faintly opacified 10-mm vascular structure is believed to represent right pulmonary artery. At surgery 


a 7-mm graft was connected to this pulmonary artery. 


F, CT through right pulmonary artery 5 months after insertion of shunt. Note interval enlargement of right pulmonary artery, which now equals 18 mm. 
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Fig. 3.—4-year-old child with pulmonary atresia and ventricular septal defect. See abbreviation key on page 1190. 
A, Injection in the main pulmonary artery, which appears aneurysmal because of pericardial patch. Right pulmonary artery is seen well. Left pulmonary 


artery is not seen. 


B, CT section slightly below bifurcation of trachea. Left pulmonary artery is seen between left vertical vein and descending aorta. There are many 


collaterals in hilar region. 
C, CT section 5 mm lower shows morphology of right pulmonary artery. 


TABLE 2: Confluence of Pulmonary Arteries as Imaged by CT, 

Sonography, and Cineangiography 

(SSS ee es ee ee ee ee et ee a 
No. of Cases (n = 20) 














Technique 
Confluent Nonconfluent Indeterminable 
CT 15 5 0 
Sonography 13 5 2 
Cineangiography 11 5 4 





Pulmonary artery confluence could be recognized by CT in 
15 of 20 patients, by sonography in 13 of 20 patients, and by 
angiography in only 11 of 20 patients. The nonconfluent 
pulmonary arteries in five patients were recognized equally 
by all methods. 


Visualization of Pulmonary Artery Stenoses 


Three patients had discrete narrowing of the right pulmo- 
nary artery (Fig. 4). This narrowing was shown by CT, sonog- 
raphy, and cineangiography, although it was more clearly 
seen by CT and sonography than by cineangiography in one 
of the three patients. In contrast to discrete narrowing of the 
right pulmonary artery, narrowing of the left pulmonary artery 
was seen by cineangiography in four of our patients but could 
not be detected by CT or sonography. Narrowing of the 
peripheral pulmonary arteries was shown by cineangiography 
in two patients but could not be seen by CT or sonography. 


Pulmonary Artery Measurements 


The measured maximum diameter of the pulmonary arteries 
varied depending on the imaging technique. The statistical 


analyses of the measurements of the right and left pulmonary 
arteries are summarized in Tables 3 and 4. When the meas- 
urements obtained by CT were compared with those obtained 
by cineangiography, there were no significant differences. 
There was a high correlation between the CT and cineangio- 
graphic measurements of the right pulmonary artery but poor 
correlation between the CT and angiographic measurements 
of the left pulmonary artery. The same was true when com- 
paring sonography and cineangiography. The mean measure- 
ments of the pulmonary arteries by CT and sonography were 
not significantly different, but there was a poor linear corre- 
lation. 

CT measurements of the left pulmonary artery did not differ 
from those made by sonography or cineangiography. When 
sonographic and angiographic measurements were com- 
pared, however, a significant difference in mean measure- 
ments was found. This apparent discrepancy may be ex- 
plained by the difference in sample size for the last compari- 
son (Table 3). 


Discussion 


Pathologic studies in patients with severe right ventricular 
obstruction have shown that, although the hilar portion of the 
pulmonary arteries is always present, the intrapericardial por- 
tion may be absent [1, 2]. This finding is not surprising if the 
embryology of the pulmonary arteries is considered. The main 
pulmonary artery is derived from septation of the primitive 
truncus and aortic sac. The proximal pulmonary artery 
branches arise from the proximal sixth ventral aortic arch, 
whereas the intrapulmonary arteries develop independently 
within the primitive lung bud. These intrapulmonary arteries 
are perfused by the adjacent splanchnic plexus before devel- 
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Fig. 4.—3-year-old child with tetralogy of Fallot and Waterston shunt. See abbreviation key on page 1190. 

A, Injection in right ventricle shows opacification of ascending aorta and pulmonary arteries. 

B, Injection in ascending aorta shows opacification of hilar branches of right pulmonary artery (arrow) through Waterston shunt. No opacification of 
intrapericardial portion of right artery. It is not clear whether right pulmonary artery is discontinuous or lack of opacification is due to flow phenomenon. 

C, CT section slightly below carina. There is a kink (arrowhead) of right pulmonary artery at site of previous Waterston shunt. Right pulmonary artery is 


not discontinuous. 


TABLE 3: Comparison of Mean Arterial Measurements by CT, Sonography, and 


E aS 


Cineangiography 
Artery: No. of 
Techniques Compared Studies 
Right pulmonary artery: 
CT/cineangiography 13 
Sonography/cineangiography 12 
CT/sonography 17 
Left pulmonary artery: 
CT/cineangiography 12 
Sonography/cineangiography 9 
CT/sonography 19 


Mean Measurements 


in mm (SD) Significance 
7.2/8.0 (2.1) NS 
8.2/7.8 (2.7) NS 
7.1/7.9 (3.2) NS 
8.4/8.2 (4.1) NS 
8.8/6.6 (2.5) p< 03 
8.8/8.9 (4.2) NS 


a SS ES AGI ESSE SESS SS SS eS 


Note.—NS = not significant. 


TABLE 4: Correlation Between Measurements of Right and Left 
Pulmonary Arteries as Obtained by CT, Sonography, and 


Cineangiography 
—————— ee aidan 
Artery: No. of Correlation .. 
Techniques Compared Studies Coefficient Significance 
Right pulmonary artery: 
CT/cineangiography 13 13 p=.01 
Sonography/cineangiography 12 .68 p< 06 
CT/sonography 17 46 NS 
Left pulmonary artery: 
CT/cineangiography 12 .30 NS 
Sonography/cineangiography 9 44 NS 
CT/sonography 15 —.29 NS 





Note.—NS = not significant. 


opment of connections with the central or true pulmonary 
arteries. 

Although cineangiography is considered the gold standard 
in evaluating the size and distribution of the pulmonary arter- 


ies, it may fail to show the intrapericardial portion of the 
pulmonary artery [6]. Therefore, alternative methods have 
been explored to delineate the pulmonary artery in selecting 
patients for repair. Sonography is frequently used for the 
evaluation of the pulmonary arteries [9, 10]. In a prospective 
study by Gutgesell et al. [10], sonography was successful in 
identifying the presence of the pulmonary arteries and their 
confluences in 19 of 20 patients. However, most patients 
studied were less than 1 month old, whereas our patient 
population was much older (mean age, 8.4 years). Older 
subjects are more likely to have lung interposed between the 
sonographic transducer and the pulmonary artery, making 
identification and evaluation difficult. 

Quantitative measurements of the diameter of the pulmo- 
nary arteries by the three imaging methods varied consider- 
ably. These differences may result from the planes used to 
image the pulmonary arteries by these various techniques. It 
is difficult to correlate the measurements obtained by cinean- 
giography, CT, and sonography with those obtained at sur- 
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surgery, where the pulmonary artery is collapsed. CT and 
sonography tend to overestimate the size of the left pulmo- 
nary artery. On CT scans a portion of the main pulmonary 
artery close to the origin of the left pulmonary artery may be 
seen near the left mainstem bronchus, which gives the impres- 
sion that the main pulmonary artery is part of the left pulmo- 
nary artery. To avoid this error, the radiologist should measure 
the left pulmonary artery as it crosses over the left mainstem 
bronchus. 

While determining the precise caliber of the pulmonary 
arteries is important in patients considered for surgical pallia- 
tion or repair, determining the morphology of the pulmonary 
arteries, their presence or absence, and their confluence 
across the midline is probably even more important. 

CT is less operator-dependent than sonography and is not 
hampered by the interposition of lung. However, CT is a more 
invasive procedure than sonography, because CT requires 
the injection of contrast material. A serious limitation of both 
CT and sonography is the inability to detect peripheral ste- 
nosis within branch pulmonary arteries or stenosis at the 
origin of the left pulmonary artery. The design of this study 
may have a built-in bias because the CT studies were per- 
formed for specific evaluation of the pulmonary arteries. 

In summary, CT has a role complementary to cineangiog- 
raphy and sonography in the evaluation of the pulmonary 
arteries in children with severe cyanotic congenital heart 
disease. We recommend that CT be performed (1) to show 
the pulmonary arteries when they are not well seen by cine- 
angiography or sonography; (2) to confirm the patency and 
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adequacy of the pulmonary arteries and the presence or 
absence of pulmonary artery confluence before complete 
repair, thereby avoiding unnecessary recatheterization; and 
(3) to evaluate pulmonary arteries after palliative surgery. 
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Bowel Perforation in 
Hirschsprung’s Disease 





A review of the medical records of 45 infants less than 1 year old with Hirschsprung’s 
disease identified two (4.4%) who presented with bowel perforation. A literature survey 
was done to evaluate the relationship between bowel perforation and Hirschsprung’s 
disease. Analysis of 47 reported cases of perforation of the bowel early in the course 
of Hirschsprung’s disease indicates that: (1) the infant under 4 months old is at the 
greatest risk; (2) the majority of cases (62%) were associated with long-segment or 
total colonic Hirschsprung’s disease; (3) the most common sites of perforation were the 
proximal colon (68%) and appendix (17%); (4) in cases with a short or intermediate 
length of aganglionic bowel, the perforation was proximal to or at the site of transition, 
but in 84% of infants with total colonic aganglionosis the perforation was situated in 
aganglionic bowel. 

Hirschsprung’s disease should be a prime differential consideration in a young infant 
with penumoperitoneum caused by distal bowel perforation. 


Hirschsprung's disease is a major differential consideration in a neonate or young 
infant with radiographic evidence of distal bowel obstruction and clinical signs of 
abdominal distension, vomiting, constipation, failure to pass meconium, and failure 
to thrive [1-3]. The purpose of this study is to determine the frequency of bowel 
perforation as the initial manifestation of Hirschsprung’s disease. 


Materials and Methods 


The medical records of infants less than 1 year old who were diagnosed with Hirschsprung’s 
disease at The Children’s Hospital Medical Center (CHMC), Boston, from 1972 to 1982, were 
reviewed. 

All reported cases of Hirschsprung’s disease that had presented with bowel perforation 
were categorized and analyzed. 


Results 


Infants Younger than 1 Year Old Presenting with Hirschsprung’s Disease (CHMC 
Boston 1972-1982) 


Forty-five infants were identified by this review, 33 (73%) boys and 12 (27%) 
girls. Five (11%) of the patients had total colonic aganglionosis, three girls and two 
boys. A family history of Hirschsprung’s disease was present in four, two of whom 
had total colonic aganglionosis. Nine patients, all of whom had short-segment 
disease, had Down syndrome. 

The age at diagnosis ranged from 1 day to 8 months with a mean age of 45 
days. Among the patients with total aganglionosis, the mean age at presentation 
was 46 days. All patients had presenting symptoms referrable to the gastrointestinal 
tract, which included one or more of the following: poor feeding, vomiting, disten- 
sion, constipation, diarrhea, and lethargy. 
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TABLE 1: Literature Survey of Patients with Hirschsprung’s Disease Presenting with Perforation 





Reference Borba Age Gender 
[4] 1 4 days M 
[5] 2 Newborn Unknown 
[6] 1 13 days M 
[7] 2 5 days M 
18 days F 
[2] 1 1 week Unknown 
[8] 3 1-2 days Unknown 
[9] 1 1 day M 
[10] 2 2 days M 
4 days M 
[11] 1 day M 
15 days M 
33 days M 
[12] 4 1 month Unknown 
[13] 2 1 day M 
[14] 1 6 weeks M 
[15] 1 2 days M 
[16] 2 8 weeks Unknown 
[3] 16 Neonatal Unknown 
[17] 2 1 month Unknown 
This study 3 1 day M 
2 days F 
4 months M 
Total 47 


Location of Perforation 
(No. of Patients) 


Cecum 

Sigmoid colon (2) 

Distal ileum 

Cecum 

Distal ileum 

Appendix 

Cecum (1) 

Splenic flexure (2) 

Cecum 

Cecum 

Cecum 

Appendix 

Appendix 

Appendix 

Colon (4) 

Cecum (2) 

Ascending colon 

Cecal perforation with 
enterocolitis 

Appendix (2) 

Colon (14); most 
proximal 


Appendix (1) 

lleum (1) 

Proximal Colon (2) 
Cecum 

Cecum 

Appendix 


Transition Zone (No. 
of Patients) 


Ascending colon 
Rectosigmoid (2) 
TCH 

TCH 

TCH 

Unknown 

Distal (2) 
Unknown (1) 
Sigmoid 

Sigmoid 
Transverse colon 
Transverse colon 
Splenic flexure 
Splenic flexure 
TCH (4) 

Distal (2) 

TCH 

Distal 


TCH (2) 

Sigmoid (5) 

Descending colon 
(2) 

Transverse colon (4) 

Cecum (1) 

Terminal ileum (2) 

TCH 

TCH 

TCH (2) 

Distal (sigmoid) 

TCH 


TCH 


SS SS ET SESE 1 I SO a E i SS 2 SS a a ry eg ag 


Note.—TCH = Total colonic Hirschsprung’s disease. 


Enterocolitis was diagnosed in three (7%) of the infants at 
the time of presentation, one of whom had total colonic 
Hirschsprung’s disease. This diagnosis was based on clinical 
presentations, with symptoms including severe watery or 
bloody diarrhea, abdominal distension, fever, and prostration. 
None of the patients with enterocolitis had bowel perforation. 
Two infants presented with pneumoperitoneum during their 
initial radiographic evaluation: one was 2 days old and the 
other 4 months old. The site of perforation was in the cecum 
in the 2-day-old neonate and in the appendix in the 4-month- 
old infant. Both had total colonic Hirschsprung’s disease. 


Literature Survey of Patients with Hirschsprung’s Disease 
Presenting with Perforation 


In the literature, we found 44 documented cases of Hirschs- 
prung’s disease in which bowel perforation was a primary 
presenting sign. The addition of our three cases resulted in a 
total of 47 cases (Table 1) [2-17]. 

Only one patient was older than 2 months at initial pres- 
entation (Table 1). Of the 17 patients for whom the sex was 
known, 15 (88%) were boys and two (12%) girls. Only one 
patient had definite enterocolitis associated with perforation 
[15]. On the basis of clinical and histologic descriptions, 
enterocolitis was excluded in 21 patients (45%). In 25 (53%) 
of the 47 cases, the data were not adequate to allow this 
decision to be made, although enterocolitis was not men- 


TABLE 2: Patients with Hirschsprung’s Disease Presenting with 
Perforation 


Ss SS ee Se eesti eae SE cS er es er ee 





Be ot Dating TCH Proximal Distal Unknown 
Colon 

Cecum or as- 

cending 

colon 32 (68) 12 7 13 0 
Splenic flex- 

ure 2 (4) 0 0 1 1 
Sigmoid co- 

lon 2 (4 0 0 2 0 
Appendix 8 (17) 4 3 0 1 
Terminal ileum 3 (6) 3 0 0 = 
Total 47 (100) 19(40) 10(21) 16(34) 2(4) 


US SS SST ee eS ent Sk | i Cee ees 
Note.—Distal = Site of transition between rectum and splenic flexure; 

Proximal = Site of transition proximal to splenic flexure; TCH = Total colonic 

Hirschsprung’s disease. Numbers in parentheses are percentages. 


tioned in any of these cases. The site of perforation was in 
the colon in 36 (77%) cases, the most common location being 
in the cecum or proximal ascending colon (68%); only two 
perforations occurred at the splenic flexure, and two were in 
the sigmoid colon. Of the 11 noncolonic perforations, eight 
were in the appendix and three in the terminal ileum. 

In 45 of the 47 cases the transition zone and length of the 
aganglionic segment were specified (Tables 1 and 2). Sixteen 
(34%) had distal or short-segment Hirschsprung’s disease, 
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that is, with the zone of transition ranging from the rectum to 
the splenic flexure. Ten (21%) of the cases had proximal 
Hirschsprung’s disease with the zone of transition proximal 
to the splenic flexure. There were 19 (40%) patients with total 
colonic aganglionosis. If the proximal and total-colonic disease 
groups are combined, 29 (62%) of the patients who presented 
with bowel perforation had a long segment of aganglionic 
bowel. 

All patients with distal aganglionosis had colonic perfora- 
tion. In the 19 patients with total colonic aganglionosis, the 
location of bowel-perforation was the proximal colon in 12, 
appendix in four, and terminal ileum in three. 

In 22 (49%) of 45 patients, the site of perforation was 
proximal to the transition zone in ganglionic bowel and was 
at the site of transition in seven (15%) cases. In 16 (36%) 
cases, however, the perforation was distal to the transition 
between normal and aganglionic bowel. These patients invar- 
iably had total colonic Hirschsprung’s disease. 


Discussion 


Our 45 cases of Hirschsprung’s disease in patients less 
than 1 year old are similar to other series described in the 
literature in terms of presentation, gender distribution, per- 
centage of patients with total aganglionosis, and frequency 
of familial disease [1, 3, 4, 16, 17]. 

The two infants with Hirschsprung’s disease who pre- 
sented with perforation accounted for 4.4% of the patient 
group. In a large series of 501 patients with Hirschsprung’s 
disease, Swenson et al. [3] described 16 patients (3.2%) who 
presented with perforation. 

Most of the perforations reported in the literature (plus our 
three cases) were in the proximal colon (68%), appendix 
(18%), or distal small bowel (6%) (Tables 1 and 2) [2-17]. 
Two reported cases of distal Hirschsprung’s disease were 
perforated at the splenic flexure [8] and two in the sigmoid 
colon [5]. In utero perforation producing meconium peritonitis 
has also been described [18]. The mechanism of perforation 
appears to be directly related to increased intraluminal pres- 
sure from distal obstruction. Enterocolitis is infrequently as- 
sociated with perforation. Only one of the patients was spe- 
cifically mentioned as having associated enterocolitis [15], 
and in 45% of the cases, absence of enterocolitis was inferred 
from the case descriptions. Sufficient data were not available 
in 53% of cases to make this determination. 

Aganglionosis is the most common cause of large bowel 
obstruction in the young infant [7, 19] and therefore colonic 
or appendiceal perforation, especially in the young infant, 
should raise the suspicion of Hirschsprung’s disease. Long- 
segment or total colonic aganglionosis accounted for 61% of 
documented cases of Hirschsprung’s disease that presented 
with bowel perforation. Appendiceal and ileal perforation were 
particularly associated with long-segment disease. Radiolo- 
gists need to recognize this relationship for early diagnosis of 
Hirschsprung’s disease in infants with perforation. All of the 
reported perforations of bowel in Hirschsprung’s disease 
occurred in patients less than 4 months old. 

Other entities that should be considered in the differential 
diagnosis of distal small- or large-bowel perforation include 
necrotizing enterocolitis and other causes of distal bowel 
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obstruction such as stenosis, atresia, meconium ileus, dupli- 
cation cyst, intussusception, and neonatal small left colon 
syndrome [9, 11, 19-21]. 

Most patients with total colonic aganglionosis have perfo- 
rations in their colon rather than in the terminal ileum proximal 
to aganglionic bowel. Perforation in these cases is in agan- 
glionic bowel, and blind colostomy at the site of perforation 
or in the transverse or sigmoid colon is inappropriate treat- 
ment. When a colostomy resides within aganglionic bowel, 
there is inadequate decompression, causing continued ob- 
struction and a higher risk of enterocolitis. Obtaining a frozen 
section to confirm the presence of ganglion cells is always 
important when determining the site of colostomy in Hirschs- 
prung’s disease but is critical in this subgroup of patients who 
present with perforation because of the high frequency of 
total colonic aganglionosis. 
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Book 
Review 





Pediatric Ultrasonography. Edited by C. Keith Hayden, Jr., and Leonard E. Swischuk. Baltimore: Williams & 


Wilkins, 403 pp., 1987. $59.95 


Swischuk and his associates write books that are clear and easy 
to read and meet a need in radiology. The book is an overview of 
pediatric sonography and contains well-organized basic information. 
| particularly liked the placement of references at the end of each 
subsection or specific disease, such as intussusception and antro- 
pyloric membranes. This style facilitates checking references for 
statements made in the text. There is an excellent discussion on the 
pitfalls in the diagnosis of hypertrophic pyloric stenosis. The illustra- 
tions are of reasonable quality. Given the equipment changes in the 
last few years, it is extremely difficult to produce a book on sonog- 
raphy that has state-of-the-art images. As is their style, the authors 
present their opinions and do not delve deeply into the controversies 
of imaging. This is a good approach for a book of this nature. 

The major shortcoming of the book is the lack of material on duplex 
Doppler studies in children, something | have found to be extremely 
valuable in pediatric sonography. No information is presented on the 
principles of sonography or on technical considerations. The authors 
could be challenged both on statements such as “ ... with rare 
exception the underlying cause of hydrocephalus can be determined 
by CT or ultrasound,” and on statements about the ease of separating 
obstructive vs nonobstructive ventricular dilatation. There is a discus- 
sion on placement of ventricular shunts using intraoperative scanning, 
a procedure that has not been subjected to a good prospective study 
and whose value in decreasing the frequency of shunt malfunctions 
remains to be proven. Posterior fossa or axial scanning of the brain 
is mentioned but not discussed. In the section on the chest, the 
usefulness of identifying abnormal vessels in pulmonary sequestra- 
tions is not addressed. In the section on the abdomen, not all 
radiologists would accept either statements such as “ . . . sonography 


can be as sensitive as an upper GI series in the evaluation of the 
infant for gastroesophageal reflux,” or the authors’ statements on 
the accuracy of sonographic screening in determining the cause of 
obstruction of the gastrointestinal tract other than hypertrophic pyloric 
Stenosis. Additional statements that could be challenged are found 
in the urinary tract section. These include “ ... the IVP is obtained 
only if the ultrasonographic findings are equivocal,” “ ... complete 
and incomplete (renal) duplication diagnosis is readily made sono- 
graphically,” “ . . . nephrotic syndrome in neonates and young infants 
... Most frequently due to syphilis,” and “ ... in the neonate and 
young infant, sonography is extremely sensitive in the identification 
of even mild parenchymal (renal) abnormality.” The preface states 
that the objective was to produce a “text directed primarily at its 
(sonographic) indications in the workup of the pediatric patient,” but 
this book does not compare imaging techniques or consistently 
recommend imaging approaches or algorithms for clinical problems. 
With the exception of those on duplex Doppler studies, my comments 
and criticisms are minor. 

The book is ideal for radiology residents and radiologists with 
limited experience in pediatric sonography. It will be less valuable for 
radiologists actively engaged in pediatric sonographic imaging be- 
cause of the general nature of the book. However, even individuals 
experienced in sonography of infants and children will find the refer- 
ences valuable and some of the authors’ comments provocative. 
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Sonography of Pelvic 
Masses in Children: Diagnostic 
Predictability 





The usefulness of sonography in determining the location and internal consistency of 
a pelvic mass and in predicting a specific diagnosis was assessed in 70 girls ranging in 
age from neonate to 19 years. Sonography was correct in determining the site of origin 
in 39 of 40 surgically proven cases. Among the various sonographic patterns observed, 
cystic uterine masses and cystic adnexal masses were the most specific, representing 
hydrometrocolpos or intrauterine pregnancy and benign ovarian cysts, respectively. A 
nonspecific sonographic pattern was encountered with complex or solid adnexal 
masses, which were proven to be ovarian teratomas, hemorrhagic ovarian cysts, and 
pelvic abscesses. Occasionally, a specific diagnosis of ovarian teratoma could be made 
when echogenic foci produced shadowing in a complex adnexal mass. 

Our results indicate that sonography in girls is reliable in determining the site of origin 
of a mass and can suggest a specific diagnosis of hydrometrocolpos, benign ovarian 
cyst, or intrauterine pregnancy. 


Sonography has been used widely to detect pelvic disease and masses in girls 
and has been shown to be highly reliable for this purpose [1, 2]. Although the 
specificity of various sonographic patterns has been reported in gynecologic 
masses in adults, similar data are lacking in children [5-7]. Previous series have 
been primarily descriptive, contained small numbers of mass lesions, or primarily 
performed on B-mode static scanners [1, 2]. Newer technology with the improved 
resolution of real-time sonography has permitted detailed characterization of tissue 
consistency, which in turn has increased diagnostic accuracy [3, 4]. In light of 
these recent technologic advances, a reevaluation of the usefulness of sonography 
in the diagnosis of pelvic masses is appropriate. 


Materials and Methods 


We retrospectively reviewed the real-time sonograms of 212 girls who were referred 
between January 1981 and June 1986 for evaluation of lower abdominal and pelvic pain or 
an incidentally discovered pelvic mass on physical examination. Seventy children had clinical, 
surgical, and/or pathologic evidence of a pelvic mass and qualified for inclusion in this study. 
The patients ranged in age from neonate to 19 years. 

Sonography was performed with real-time sector scanners using 3.5-, 5.0-, and 7.5-MHz 
transducers. Transducer selection was based on the depth of the mass to ensure localization 
of the lesion in the focal zone. All patients were scanned initially with a fully distended bladder. 
Longitudinal, transverse, and oblique sonograms were obtained through the area of interest. 
The uterus, ovaries, urinary bladder, and rectum were identified and their relationship to the 
lesion noted. The sonographic characteristics of each pelvic lesion were categorized as to 
size, location, internal consistency (cystic, complex, solid), and definition of borders. Also 
noted was presence or absence of metastatic disease such as ascites, lymphadenopathy, or 
peritoneal nodules. 

The final diagnoses were established by surgical and histopathologic evaluation in 40 
patients. In the other patients the final diagnoses were based on long-term clinical follow-up 
and/or the results of subsequent sonographic examinations or CT studies. Most patients in 
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whom a “classic” ovarian cyst was shown sonographically did not 
undergo surgery or further sonographic evaluation since the benign 
nature of an ovarian cyst justifies a conservative approach. 


Results 


The sonographic features of the pelvic masses found in 
this series as a function of anatomic location and morphology 
are shown in Table 1. Cystic and predominantly cystic uterine 
masses and cystic adnexal masses were the most specific 


TABLE 1: Sonographic Patterns of Pelvic Masses in Girls 
| TSS 5 Re AR ty Set Se a SE re SS es ee ges et LEL 





Location: ; 
Sonographic Pattern Lesion NO: 
Adnexal: 
Cystic Simply cyst 23 
Teratoma 2 
Cystadenoma 1 
Cystadenofibroma 1 
Hydrosalpinx 2 
Complex Cyst i 
Teratoma 5 
Tuboovarian abscess 3 
Dysgerminoma 1 
Solid Hemorrhagic cyst 2 
Torsion 2 
Teratoma 2 
Dysgerminoma 1 
Uterine/vaginal: 
Cystic Hydrometrocolpos 4 
Complex Intrauterine pregnancy 3 
Solid Rhabdomyosarcoma 1 
Hydatidiform mole 1 
Nongynecologic origin: 
Cystic Abscess 1 
Enteric duplication 1 
Ureteral stump 1 
Complex Abscess 2 
Sacrococcygeal teratoma 2 
Solid Neuroblastoma 1 
Hematoma 1 








Fig. 1.— 14-year-old girl with lower abdominal 
pain. Transverse sonogram of pelvis shows a 3.0- 
cm anechoic mass (caliper marks) adjacent to 
bladder in region of right ovary. Mass is homoge- 
neously cystic and has well-defined, thin walls and 
increased through-transmission. Histopathologic 
examination confirmed a simple ovarian cyst. 
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Fig. 2.—2-month-old girl with palpable lower 
abdominal mass. A 2.0-cm well-defined cystic 
lesion with a single thin septation is seen to right 
of bladder (B). Exploratory laparotomy with ex- 
cision of mass revealed a follicular ovarian cyst. 
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patterns in our series; these occurred with hydrometrocolpos, 
intrauterine pregnancy, and ovarian cysts, respectively. In 
contrast, the finding of a complex or solid adnexal mass was 
not specific for a particular type of lesion. This group consisted 
of predominantly cystic masses that contained solid tissue, 
clot, or inflammatory debris (teratomas, hemorrhagic cysts, 
abscesses). 

The original and retrospective sonographic interpretations 
correctly defined the site of origin of the pelvic masses in 39 
of the 40 surgically proven cases. One erroneous diagnosis 
was made in a patient with a 10-day history of mild pelvic 
pain and a palpable, nontender mass on physical examination. 
A predominantly solid adnexal lesion with focal areas of highly 
dense echoes suggesting a teratoma was identified, but 
surgical exploration revealed an appendiceal abscess with 
thick, purulent fluid and fibrin strands. In the other surgically 
proven cases there were no errors in determination of size or 
sonographic characterization. 


Adnexal Masses 


Masses of the ovaries and fallopian tubes were seen most 
often; these occurred in 77% of the patients. All lesions in 
this group were easily separated from the uterus. Twenty- 
nine of the 52 adnexal masses were cystic and 21 of these 
were uniformly homogeneous. The most common cause of a 
homogeneously cystic adnexal mass was a classic, simple 
ovarian cyst. Nineteen patients, ranging in age from neonate 
to 19 years (mean, 12.2 years) had simple ovarian cysts. 
Each cyst was characterized by a thin-walled mass with 
absent internal echoes and distal acoustic enhancement (Fig. 
1). Intraabdominal extension was present in two patients. In 
two other patients, ages 15 and 16 years, dilated fallopian 
tubes resembled ovarian cysts but could be differentiated by 
their fusiform shape. 

Eight patients had septated, cystic adnexal masses. This 
appearance was nonspecific for a particular type of mass 


Fig. 3.— 13-year-old girl with mild lower ab- 
dominal pain. Longitudinal sonogram of pelvis 
just to the left of midline reveals a predominantly 
solid complex mass (arrows) posterior to uterus 
(u). Lesion was thought to represent a hemor- 
rhagic ovarian cyst; subsequent sonographic ex- 
amination 3 weeks later revealed complete res- 
olution. 





Fig. 4.—17-year-old girl with acute onset of lower abdominal pain and nausea. 

A, Longitudinal image to right of midline shows 4.5-cm solid mass (M) in area of ovary with free fluid (f) between bladder (B) and mass. 

B, Follow-up study 2 days later shows that right adnexal mass has changed character, appearing as a predominantly cystic lesion with a thin, echogenic 
rim. 

C, 2 weeks later, right adnexal region (arrows) has normal appearance on a transverse sonogram. This pattern illustrates evolution of hemorrhagic 


ovarian cyst. U = uterus. 


Fig. 5.— 12-year-old girl with large abdominal- 
pelvic mass. Longitudinal sonogram shows solid 
mass (arrows) containing echogenic foci. Sur- 
gical exploration confirmed a benign ovarian ter- 
atoma containing fat and calcification. 


Fig. 6.— 14-year-old girl with lower abdominal 
pain and palpable midline mass. Longitudinal 
pelvic sonogram shows distended, fluid-filled 
vagina (V) and uterus (U) posterior to bladder 
(B). This appearance is characteristic of hydro- 
metrocolpos. 
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lesion. A single thin septation was found in four patients, 
ranging in age from neonate to 17 years (mean, 11 years), 
with simple ovarian cysts (Fig. 2). However, one cystadeno- 
fibroma in a 14-year-old girl and two teratomas in patients 9 
and 13 years old had single septations. Multiple septations 
occurred in one cystadenoma in a 13-year-old girl. 

Complex ovarian masses were found in 16 patients, seven 
of whom had hemorrhagic ovarian cysts. The patients with 
hemorrhagic cysts were 12-18 years old (mean, 13.8 years). 
In four of these patients the diagnosis was proven at surgery; 
in the other patients serial sonograms revealed a decrease in 
the size of the mass in two and complete resolution in one. 
The initial sonographic appearance of a hemorrhagic cyst was 
that of a predominantly cystic mass in four patients and a 
predominantly solid mass in three (Fig. 3). These lesions were 
2-7 cm in size. 

Five patients, ages 10-17 years (mean, 13.4 years), had 
surgically confirmed benign cystic teratomas ranging in size 
from 6 to 20 cm. The most common appearance of an ovarian 
teratoma was a thin-walled, predominantly cystic mass con- 
taining focal areas of soft-tissue echogenicity and septations. 
Highly dense echoes with shadowing, consistent with calcifi- 





cation, were seen in one case. When calcification or fat was 
absent, the lesions could not be distinguished sonographically 
from a hemorrhagic cyst. 

Less often, complex adnexal masses were caused by pelvic 
inflammatory disease. Three tuboovarian abscesses in pa- 
tients 14, 15, and 19 years old appeared as moderately well 
defined, thick-walled adnexal masses with a central cystic 
component containing echogenic debris. Uterine enlargement 
with fine low-level echoes and free fluid in the cul-de-sac were 
present in these cases. 

Solid adnexal masses occurred in seven patients 2-17 
years old (mean 13.4 years). Four masses were caused by 
hemorrhagic cysts and torsion of normal adnexa (Fig. 4). 
Neoplasms (dysgerminoma and teratomas) extending into the 
middle to upper abdomen accounted for the other three cases 


(Fig. 5). 
Uterine Masses 


Four patients 13 days to 14 years old had cystic uterine 
masses surgically proven to be hydrometrocolpos (Fig. 6). 
The cause in two patients was severe vaginal stenosis; im- 
perforate hymens were present in the other two patients. 





Sonography demonstrated a distended, thick-walled uterus 
with a large fluid-filled center and a vagina as large as or 
larger than the uterus. Dilated fallopian tubes were an asso- 
ciated finding in two cases. 

Three patients, two 15 years old and one 16 years old, had 
complex uterine mass, all of which were Clinically unsuspected 
intrauterine pregnancies. 

Solid uterine/vaginal masses were present in two patients. 
In a 2-year-old girl with a surgically confirmed rhabdo- 
myosarcoma, sonograms revealed a well-defined, solid mass 
with moderate echogenicity in the vagina (Fig. 7). A 13-year- 
old girl had a hydatidiform mole. 


Nongynecologic Masses 


Nine patients ranging in age from neonate to 18 years old 
(mean 7.0 years) had nongynecologic masses. A correct 
preoperative diagnosis was possible in eight of nine cases. 
Three patients had surgically proven cystic pelvic lesions that 
were related to the urinary or gastrointestinal tract. 

Complex, predominantly solid masses were present in four 
patients. Two of these were sacrococcygeal teratomas that 
extended from the pelvis into the soft tissues of the perineum 
and contained irregular cystic areas corresponding to vascular 
channels. Calcification with shadowing was present in one 
case. The other two complex nongynecologic masses repre- 
sented abscesses (Fig. 8). 


Discussion 


Our experience in the sonographic evaluation of pediatric 
gynecologic masses is similar to that reported in adult women 
[5-7]. In almost all cases, sonography allows a reliable as- 
sessment of the presence, size, location, and internal con- 
tents of a pelvic mass. These findings can be used to narrow 
the differential diagnosis and occasionally can lead to a spe- 
cific diagnosis, obviating surgical intervention. Our experience 
suggests that there are three patterns on sonography asso- 
ciated with specific lesions permitting the correct diagnosis 
with a high confidence level. These sonographic patterns 
include the totally anechoic adnexal lesion seen with simple 
ovarian cyst, the fluid-filled uterus and vagina characteristic 
of hydrometrocolpos, and the complex uterine mass repre- 
senting an intrauterine pregnancy. Occasionally, a specific 
diagnosis of ovarian teratoma can be made by sonography 
when highly echogenic foci with shadowing are demonstrated 


Fig. 7.—2-year-old girl with palpable lower 
abdominal mass and episodes of vaginal bleed- 
ing. Transverse sonogram of pelvis shows a 
well-defined, echogenic mass (M) behind blad- 
der. Rhabdomyosarcoma arising in vagina was 
proven surgically. 


Fig. 8.—4-year-old girl with minimal pelvic 
pain and low-grade fever. Longitudinal sono- 
gram shows large, complex, predominantly solid 
mass (arrows) with several nonshadowing, ech- 
ogenic foci to right of compressed bladder (B). 
Since the right ovary was not identified, ovarian 
teratoma was considered the likely diagnostic 
possibility. Surgical exploration, however, re- 
vealed an appendiceal abscess. This was our 
only error in determining the site of origin of a 
pelvic mass. 


within a complex adnexal mass (seen in two of our nine 
patients). 

Aside from these patterns, we were not able to predict the 
pathologic type of an adnexal or uterine lesion on the basis 
of its sonographic appearance. Clinical data, in conjunction 
with the sonographic findings, occasionally were helpful in 
narrowing the differential diagnosis. However, many condi- 
tions, such as hemorrhagic ovarian cyst, torsion of normal 
adnexa or a teratoma, pelvic inflammatory disease, and ap- 
pendiceal abscess had similar sonographic features as well 
as the same clinical finding of exquisite abdominal and pelvic 
tenderness. Surgery was often required for a definitive diag- 
nosis in these cases. 

Resolution on serial sonography may be helpful in estab- 
lishing the benign nature of disease in selected patients with 
nonspecific sonograms and mild symptoms not warranting 
immediate surgery [8]. The appearance and size of a hemor- 
rhagic ovarian cyst would be expected to change with time 
and eventually resolve, while a teratoma is unlikely to change. 
In the acute stage the hemorrhagic cyst appears as a homo- 
geneously echogenic mass, but as it liquifies it acquires an 
anechoic, benign appearance. 
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Case Report 





Rhabdomyolysis and Renal Failure in Child Abuse 


Suresh Kumar Mukherji"? and Marilyn J. Siegel’ 


Acute renal failure secondary to rhabdomyolysis with myo- 
globinuria is uncommon in childhood and, when present, 
usually is a complication of massive crush injuries. A few 
reports in the medical and urologic literature have docu- 
mented a rare association between rhabdomyolysis-induced 
renal failure and child abuse [1, 2]. We report an additional 
patient in whom the diagnosis was first suggested by the 
radiologic findings. 


Case Report 


A 5-year-old boy was brought to the emergency room with multiple 
bruises of the head, trunk and extremities. When questioned, the 
child admitted to having been physically abused by his mother’s 
boyfriend. Physical examination revealed a timid child with normal 
vital signs. Multiple ecchymoses and lacerations were noted on his 
face, and there were fading linear abrasions on the right flank and 
both thighs, believed to be belt wounds. There was slight abdominal 
tenderness. 

Initial laboratory data included hemoglobin, 13.5 g/dl; hematocrit, 
39.9%; WBC count, 23,500/ul; and platelets, 555,000/ul. A urine 
specimen was dark brown. On dipstick examination, the urine specific 
gravity was 1.019, and the pH was 6; there was 2+ protein, trace 
glucose, and ketone; 3+ heme; and 1+ bilirubin. Examination of the 
sediment showed 0-1 WBC and RBC/high power field, 1+ bacteria, 
and scattered granular casts. The serum creatinine was 1.1 mg/dl 
and serum electrolytes were normal. Because of the dark urine and 
positive heme reaction, renal contusion or laceration were erroneously 
considered the most likely diagnoses, and the child was referred for 
renal evaluation. 


Received November 13, 1986; accepted after revision December 31, 1986. 


Excretory urography showed persistent dense nephrograms on 
the initial 4- and 8-min films (Fig. 1) and on a subsequent abdominal 
radiograph at 1 hr. There was only faint visualization of nondilated 
collecting systems. The kidneys were otherwise normal in morphol- 
ogy. CT was performed immediately after the 1-hr urogram film to 
determine if there was other visceral trauma (Figs. 2A and 2B). No 
additional contrast agent was administered. CT also revealed dense 
bilateral nephrograms with faint opacification of the calyces, renal 
pelvis, and bladder, but otherwise was normal. The persistent neph- 
rogram in conjunction with the laboratory data led to a diagnosis of 
rhabdomyolysis and myoglobinuria. 

The patient was oliguric (250 ml urine output) during the first day 
of admission, and the serum creatinine increased to 2.7 mg/dl. The 
creatinine phosphokinase (CPK) level was 9700 IU/I (normal, O to 150 
lU/l). During the second day of admission the patient's creatinine 
peaked at 5.0 mg/dl. With conservative management for acute renal 
failure, the azotemia decreased and the urine output returned to 
normal on day four. The patient was discharged on day five. 


Discussion 


Rhabdomyolysis is the disruption of muscle cells, with 
release of sarcoplasmic contents, including CPK and myoglo- 
bin, into plasma. This condition has been associated with 
mechanical trauma, viral illnesses, thermal injury, metabolic 
disorders, enzyme deficiencies, exposure to drugs and toxins, 
extreme muscular activity (such as marathon running), and 
arterial ischemia [3]. Acute renal failure is the most commonly 
recognized cause of morbidity and mortality in patients with 
rhabdomyolysis. The mechanism by which myoglobinuric 
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Fig. 1.—Radiograph 8 min after injection of IV 


Fig. 2.—A, Follow-up CT with a standard soft-tissue window shows bilateral dense nephrograms. 


contrast medium shows bilateral prolonged No extrarenal abnormalities are noted. 


nephrograms. 
collecting systems. 


rhabdomyolysis causes acute renal failure is unknown. Hy- 
potheses that have been proposed include (1) tubular plug- 
ging by precipitated myoglobin, (2) decreased glomerular 
filtration secondary to a toxic effect of myoglobin on the 
juxtaglomerular apparatus with resultant increased renin re- 
lease, and (3) direct nephrotoxicity with back diffusion of 
glomerular filtrate through damaged tubular epithelium [3-5]. 
Hypotension, hypovolemia, and acidosis potentiate these ad- 
verse effects of myoglobinuria on renal function. 

The diagnosis of myoglobinuric acute renal failure can be 
suspected clinically when there is azotemia or oliguria in a 
patient with overt soft-tissue injury and an elevated CPK. 
Specific identification of urine myoglobin is best achieved by 
electrophoresis or immunoassay, but lack of ready availability 
limits the usefulness of the tests. However, a presumptive 
diagnosis of myoglobinuria can be made from the results of 
common laboratory tests. These include substantial eleva- 
tions of both blood urea nitrogen and serum creatinine early 
in the course of injury; orthotolidin-positive urine on Hematest 
without evidence of correspondingly severe hematuria on 
microscopic examination of the urine sediment; and pig- 
mented granular casts in the sediment. Often it is the discrep- 
ancy between the color of the urine, the positive Hematest, 
and the paucity of RBCs on microscopic examination that 
initially leads to the suspicion of myoglobinuria. 

If myoglobinuria is recognized, urographic contrast agents 
should not be administered because of their potential to 
initiate or worsen actual renal failure via a synergistic effect 


B, CT scan with a wider window performed later reveals bilateral nephrograms and visualization of 


with the myoglobin [6]. However, as in our patient, the correct 
diagnosis may not be recognized initially. If urography or 
contrast-enhanced CT is performed, the presence of bilateral 
persistent nephrograms in a child who has cutaneous findings 
of abuse should suggest the diagnosis of acute renal failure 
secondary to rhabdomyolysis. A prompt diagnosis of myo- 
globinuria is important since institution of medical therapy can 
prevent serious metabolic abnormalities (hyperkalemia and 
hypocalcemia and their cardiotoxic effects) that occur early in 
acute renal failure [4]. When myoglobinuria is suspected 
clinically, sonography or noncontrast CT scans should be the 
preferred methods for defining the extent of injury. 
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Technical Note 





Computed Radiographic Imaging: Use in Low-Dose Leg 


Length Radiography 


Marvin S. Kogutt' 


Radiographic measurements of leg length in both children 
and adults are a well-known method for determining the 
presence and degree of length discrepancy. Several tech- 
niques have been used for these measurements; the most 
common is orthoradiography [1, 2]. One disadvantage of 
radiography is the dose of radiation used for this examination. 
This becomes particularly important in children, who may 
require repeated studies. 

A computed radiographic imaging system developed by the 
Fuji Photo Film Co. in Japan and marketed in the United 
States by Phillips Medical Systems, Inc. (Shelton, CT) was 
evaluated to determine whether acceptable radiographic im- 
ages could be obtained with low doses of radiation. Details 
of this system have been described elsewhere [3, 4]. In brief, 
standard radiographic equipment is used to produce a latent 
image that is stored on a photostimulable phosphor receptor 
contained in a standard-type radiographic cassette. The im- 
age is transferred digitally and manipuated by an automated 
system that can be preset to desired parameters, resulting in 
a film radiograph. The operator can enhance the final image 
by using the computer to adjust the image parameters. The 
system possesses extreme linearity of density response and 
therefore is capable of producing radiographic images in 
which film density is virtually independent of radiation dose. 
As a result, quality radiographs can be obtained consistently 
with a 96-98% reduction in the dose of radiation that would 
be required if a standard film-screen system were used. 


Received November 20, 1986; accepted after revision January 16, 1987. 


Materials and Methods 


The computed radiographic imaging sytem was used to examine 
patients only after studies with anatomic sectional phantoms (Hu- 
manoid Systems, Carson, CA) had determined the lowest dose that 
would produce acceptable images. Ninety-seven patients were ex- 
amined. The radiographs were evaluated by at least two independent 
observers (a radiologist and an orthopedist). An examination was 
considered satisfactory when the cortical margins and joint spaces 
were shown clearly. The usual technique of orthoradiography was 
used: A ruler with a radiopaque scale (Alimed Inc., Boston, MA) was 
placed in position under the patient, and three exposures were 
obtained to include the hip, knee, and ankle. The patient was not 
moved during the examination. Amounts of radiation exposure in free 
air were determined at these sites by using a commercially available 
ion chamber (Model 1015 X-Ray Monitor, RadCal Corp., Monrovia, 
CA). Measurements were made at distances of 10 cm and 5 cm 
above the table top; the tube-film distance was 40 in. (101.6 cm). 
Measurements were obtained by means of techniques that would be 
used with a standard 200 speed screen-film system (DuPont Quanta 
Fast Detail screen with Cronex 10 film; Wilmington, DE) and by 
means of techniques used with the computed radiographic imaging 
system. 


Results 


The studies were highly reproducible. Image quality and 
density remained constant, and no change in radiographic 
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Fig. 1.—Computed radiographic leg length images of a 16-year-old boy 
after staple epiphysiodesis on the left. Satisfactory detail was achieved at 
an exposure of 10 mR (2.58 x 10~° C/kg) at hip level, 4 mR (1.03 x 107° 
C/kg) at knees, and 2 mR (5.16 x 1077 C/kg) at ankles. 


technique was required over a wide spectrum of patients’ 
sizes and weights. All radiographs were considered accept- 
able by both the referring physician and the radiologist 
(Fig. 1). 

Greatly reduced levels of radiation were obtained by using 
the computed radiographic imaging system as compared with 
levels required with the screen-film combination. Exposure 
reductions of 96-98% were readily reached and consistently 
maintained. Typical radiographic factors and reductions in 
radiation exposure are summarized as follows: hips, from 504 
mR (70 kV, 40 mAs) to 10 mR (70 kV, 1 mAs); knees, from 
75 mR (60 kV, 10 mAs) to 4 mR (60 kV, 0.3 mAs); and ankles, 
from 48 mR (60 kV, 6.4 mAs) to 2 mR (60 kV, 0.15 mAs). (In 
SI units: 504 mR = 1.30 x 10°* C/kg; 10 mR = 2.58 x 10°° 
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C/kg); 75 mR = 1.94 x 10 C/kg; 4 mR = 1.03 x 10° C/ 
kg; 48 mR = 1.23 x 107° C/kg; 2 mR = 5.16 x 10°” C/kg.) 


Discussion 


Possible applications of digital radiography need to be 
explored to determine its role in clinical practice. The ability 
to use low doses of radiation to produce radiographs is a 
significant advantage of this technology. Reduction of radia- 
tion dose has been applied to studies including hysterosalpin- 
gography [5], determination of leg length [6, 7], and evaluation 
of scoliosis [8]. Previous techniques have used dedicated 
scanning-beam digital radiographic systems or digitalized ra- 
diographs produced by CT scanners. These differ from the 
currently described method, which uses conventional radio- 
graphic equipment to obtain the image and computer manip- 
ulation of the data to produce a final film radiograph. 

The application of dose reduction obtained by using this 
commercially available system has not been reported previ- 
ously. It has the advantages of accurate reproducibility of 
images combined with extremely low-level exposures to ra- 
diation. 

This type of system is particularly useful in children who 
require repeated orthopedic evaluations for discrepancies in 
leg length. These evaluations commonly result in the perform- 
ance of multiple radiographic examinations. The use of com- 
puted radiographic imaging for measurement of leg length is 
a significant practical application of this technology. 
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Complications of 
Percutaneous Biliary 
Drainage: Benign vs Malignant 
Diseases 


Allan C. N. Yee! Percutaneous transhepatic biliary drainage is used to treat a variety of benign and 
Chia-Sing Ho malignant biliary diseases. Although several investigators have reported on the number 
of complications associated with the use of this procedure in malignant disease, none 
has determined specifically the number associated with its use in benign disease. 
Differences in the number of procedure-related complications and deaths were exam- 
ined in 206 patients with benign or malignant biliary diseases who underwent percuta- 
neous transhepatic biliary drainage at the Toronto General Hospital during a 40-month 
period. Of these, 54 had benign and 152 had malignant biliary diseases. The prevalences 
of procedure-related major complications and deaths were 2% and 0%, respectively, in 
the benign group vs 7% and 3%, respectively, in the malignant group. These differences 
can be attributed to the shorter periods of drainage required and the generally better 
health of patients in the benign group. 

These findings suggest that percutaneous transhepatic biliary drainage can be per- 
formed with substantially fewer complications in patients with benign biliary diseases 
compared to those with cancer. Previously reported data on complications were derived 
from patient populations with preponderantly malignant obstructions and cannot be 
extrapolated to patients with benign diseases. 





The major application of percutaneous transhepatic biliary drainage (PTBD) has 
been in palliative decompression of malignant biliary obstructions. PTBD also has 
been useful in the management of nonmalignant biliary conditions, including benign 
biliary strictures, biliary calculi, sclerosing cholangitis, and biliary fistulas [1-11]. 
Because it is an invasive procedure, PTBD is not without risks. The reported 
prevalence of major complications has ranged from 5% to 25% [12-17]. However, 
almost all these studies were done on patients who had malignant biliary obstruc- 
tions. Patients undergoing PTBD for benign diseases are generally younger and in 
better overall health than patients who have malignant diseases, and they require 
biliary drainage for shorter periods of time. The effects, if any, that these differences 
would have on the number of complications have not been investigated. This paper 
compares the number of procedure-related complications in patients with benign 
and malignant biliary diseases who underwent PTBD at the Toronto General 
Hospital in a 40-month period (January 1983-April 1986). 


Materials and Methods 


_ Received October 7, 1986; accepted after revi- A total of 206 patients underwent PTBD during the study period. Of these, 54 had benign 
Te 197000: and 152 had malignant biliary diseases. The preponderant conditions in the benign group 
ee atria BT o gh te were benign biliary strictures, biliary calculi, and sclerosing cholangitis. Patients in the 
ronto General Hospital, iza . Oronto, : : . . 
Ontario, MSG 2C4, Canada. Address reprint re- malignant group had, in order of frequency, pancreatic carcinomas, metastases to the porta 
quests to A. C. N. Yee. hepatis, bile duct carcinomas, and hepatomas. Ten patients in the malignant group and one 
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TABLE 1: Complications of Percutaneous Transhepatic Biliary 
Drainage 








Benign 

Malignant Disease Disease 

(152 Patients) (54 

Complication Patients) 

No. Occurrin 

Within 30 ins sale TO 

Cholangitis 31 (20) 46 (30) 4 (7) 
Cholangitis with hy- 

potension® 5 (3) 5 (3) 0 (0) 
Tube migration or 

dislodgment 28 (18) 43 (28) 5 (9) 

Tube blockage 7 (5) 21 (14) 0 (0) 

Leaking ascites 5 (3) 7 (5) 0 (0) 

Pleural effusions? 2 (1) ae th 0 (0) 

Bile peritonitis* 2 (1) 2 (1) 1 (2) 

Major hemorrhage? ttt) 1 (1) 0 (0) 
Total of major com- 

plications 10 (7) 10 (7) 1 (2) 

Death 4 (3) 4 (3) 0 (0) 

Overall -— 85 (56) 9 (17) 





Note.—Numbers in parentheses are percentages rounded off to the nearest 
whole number. 
a Major complication. 


The procedures were performed or directly supervised by the 
authors. All patients received IV antibiotics before the procedure and 
for at least 24 hr afterwards. A fine-needle single-puncture technique 
similar to that described by Hawkins [18] was used. A 9-French Kifa 
catheter (Elema, Stockholm, Sweden) with side holes manually cut 
at appropriate sites was used as the first drainage catheter. After 5 
to 7 days, this was replaced, if necessary, with a 10- to 14-French 
polyvinyl Argyle (St. Louis, MO) catheter. The catheters were an- 
chored by suturing them to Elastoplast adhesive tape (Smith and 
Nephew, Lachine, Quebec, Canada) applied next to the sites of skin 
entry. 

The clinical records of all patients were reviewed, and specific 
attention was given to complications related to PTBD. The average 
follow-up periods with catheters in place were 61 and 22 days for 
patients with malignant and benign diseases, respectively. A compli- 
cation was considered major if it required surgical intervention (in- 
cluding placement of a chest tube) or blood transfusion or, in cases 
of cholangitis, was associated with hypotension (systolic blood pres- 
sure <90 mm Hg). 


Results 


Routine cultures of bile obtained at the time of drainage 
were positive in 43% of the malignant group and 68% of the 
benign group. The most frequently encountered organisms 
were Escherichia coli, Pseudomonas aeruginosa, Klebsiella 
pneumoniae, and enterococci. 

The complications encountered are listed in Table 1. For 
the malignant group, the number that occurred within the first 
30 days of drainage and the total number are tabulated 
separately. Similar analysis was not done for the benign group 
as most of these patients required only temporary biliary 
drainage of less than 30 days. 

In the malignant group, 85 patients (56%) had one or more 
complications; ten of these (7%) had major complications. 
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TABLE 2: Literature on Complications of Percutaneous 
Transhepatic Biliary Drainage 
OR SS Si FS SS cae Peres SS SS Se ee eee 


No. with No. with 
No. of Malignant Major No. of 
Reference Patients Biliary Complica- Deaths 

Obstructions tions 

Mueller et al. [12] 188 159 16 (8) 3 (2) 
Carrasco et al. [13] 161 161 13 (8) 9 (6) 
Hamlin et al. [14] 109 99 5 fo) 3 (3) 
Nakayama et al. [15] 104 84 S (5) 0 (0) 
Ishikawa et al. [16] 100 72 7 (7) 1 (1) 
Berquist et al. [17] 40 34 10 (25) 1 (3) 
Total 702 609 56 (8) 17 (2) 





Note.—Numbers in parentheses are percentages rounded off to the nearest 
whole number. 


Five patients (3%) suffered cholangitis with hypotension, and 
three of these died as a result. Two patients (1%) had major 
bile peritonitis; one died as a result, and the other required 
laparotomy for evacuation. Two patients (1%) had dyspnea 
due to large right-sided bilious pleural effusions that required 
placement of a chest tube. Both effusions occurred after the 
biliary catheters were dislodged inadvertently. One patient 
(1%) had a major intraperitoneal hemorrhage due to liver 
laceration resulting from the drainage procedure and required 
surgical repair and blood transfusion. 

Complications related to PTBD occurred in nine patients 
(17%) in the benign group; one of these (2%) was major. A 
man with a common bile duct stricture from pancreatitis had 
bile peritonitis after his drainage catheter was removed pre- 
maturely. Laparotomy was required for treatment. No proce- 
dure-related deaths occurred in the benign group. 


Discussion 


Previous studies on PTBD have reported prevalences of 
4.6-25% for major complications and 0-5.6% for procedure- 
related deaths [12-17]. If these series are combined (Table 
2), the overall percentage of major complications is 8%, and 
the overall percentage of deaths is 2% for 702 patients, of 
whom 609 (87%) had malignant biliary obstructions. The 
prevalences of major complications (7%) and death (3%) in 
our malignant group are very similar to previously published 
results. These prevalences of complications are not negligible. 
They are acceptable for the palliation of advanced unresect- 
able malignant diseases for which few therapeutic alternatives 
exist. However, when PTBD is used to treat benign diseases, 
many of which are curable by traditional surgical or endo- 
scopic methods, weighing the possible risks against the po- 
tential benefits becomes more important. 

Previously published papers on PTBD for various benign 
biliary conditions have mentioned few procedure-related com- 
plications [1-11]. However, when considered individually, the 
number of patients studied is too small to allow any firm 
conclusion. To our knowledge, our report is the first that 
specifically examines the complications of PTBD for patients 
with benign biliary conditions. Our results indicate that data 
on complications obtained from studies of patients with malig- 
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nant obstructions are not applicable when benign conditions 
are considered. The percentages of major complications (2%) 
and death (0%) in our benign group are substantially lower 
than those in the malignant group, and compare favorably 
with the percentages of surgical complications (2.3-4.5%) 
and deaths (0.7—1.4%) encountered with endoscopic sphinc- 
terotomy [19, 20], which is a widely accepted therapeutic 
procedure for biliary disorders such as choledocholithiasis. 

The difference in the number of complications in the benign 
and malignant groups is not surprising. Important differences 
exist between these two groups that reasonably may be 
expected to have a significant influence. The most obvious is 
the duration of drainage. Patients with benign biliary diseases 
usually require biliary drainage on a temporary basis, whereas 
most patients with malignant obstructions have drainage for 
long-term palliative decompression. Thus, the mean follow- 
up period for our malignant group was almost three times 
longer than that for the benign group. With longer drainage 
periods, catheter-related complications, such as catheter dis- 
lodgment or blockage and cholangitis, are more apt to occur. 

However, the difference in the duration of drainage cannot 
account entirely for the differences in the number of compli- 
cations. When the durations of drainage are made approxi- 
mately the same by considering only those complications that 
occurred in the first 30 days, major differences still exist. We 
believe that other differences among the patients also are 
important considerations. Patients in the malignant group 
were on the average 11 years older than those in the benign 
group. They were generally in poorer physical health; most 
were referred for PTBD because they were too debilitated to 
undergo surgical drainage. Studies of patients undergoing 
biliary surgery have recognized a number of patient charac- 
teristics that are highly correlated with surgical morbidity and 
mortality [21, 22]. Our results suggest that even in percuta- 
neous biliary drainage a similar relationship exists: The pa- 
tient’s overall physical condition is a major determinant of the 
likelihood of complications. 

In our study, complications that could be attributed directly 
to mechanical trauma, such as major hemorrhage or bile 
peritonitis, were uncommon with the fine-needle single-punc- 
ture technique of PTBD. The most problematic complication 
was cholangitis. Aside from differences in the duration of 
drainage, two other factors may contribute to the higher 
prevalence of cholangitis in the malignant group. First, pa- 
tients with malignant diseases often are immunocompromised 
because of therapeutic procedures, their primary diseases, or 
poor nutrition. Second, patients with bile duct carcinomas 
and metastatic diseases tend to have multifocal obstructions. 
Even though their jaundice may be relieved successfully by 
drainage of a portion of the biliary system, bile stasis in 
undrained segments predisposes them to cholangitis. Of note 
is the higher prevalence of catheter migration or dislodgment 
in the malignant group, which cannot be accounted for entirely 
by the longer drainage periods. Patients with malignancies 
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are generally older and more incapacitated by their diseases. 
Perhaps they cannot extend the same degree of care to their 
catheters that a healthier and younger person can, resulting 
in more frequent inadvertent dislodgment of their catheters. 
Although most of these complications are primarily nuisances 
and can be managed on an outpatient basis, they could, if 
uncorrected, lead to cholangitis, bile peritonitis, or bilious 
pleural effusions. 
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The Radiologic Clinics of North America. Interventional Uroradiology. Guest editor: Erich K. Lang. Philadelphia: 
Saunders, 179 pp., December 1986. By subscription, 4 issues annually, $60 


The practices of radiology and urology are bound together by the 
common use of radiologic procedures. Interventional Uroradiology 
addresses this common ground by presenting a group of articles 
related to the procedures used in uroradiology. Guest editor Erich K. 
Lang has assembled an outstanding team of 24 contributors who 
have produced 14 articles. Subjects covered include drainage pro- 
cedures (cysts, urinomas, abscesses); diagnostic interventional pro- 
cedures (antegrade pyelography); and therapeutics (dilatation of stric- 
tures, stone removal, and extracorporeal shock-wave lithotripsy). 
Special articles on transluminal angioplasty of the renal arteries and 
embolization techniques are included. The monograph closes with a 
presentation of an algorithmic approach developed by Lang for the 
diagnosis and staging of renal neoplasms. 

This issue of The Radiologic Clinics of North America lives up to 
the standards expected of this well-known series of monographs. 
The articles are well illustrated, and appropriate tables and diagrams 


are included where needed. The section on selected endourological 
techniques presents interesting material on procedures and tech- 
niques that have been found helpful in the management of a variety 
of problems. The lower urinary tract has not been overlooked in the 
flurry of interest in methods devised to give access to the kidney and 
ureters. A discussion of the normal anatomy and pathologic condi- 
tions of the lower urinary tract (male) is followed by a discussion of 
the methods available to dilate strictures, including the use of balloon 
dilatation for urethral strictures and prostatic hypertrophy. 

The subject matter is well presented and will be of interest to 
general radiologists and uroradiologists as well as urologists. 


Marvin E. Goldberg 
University of Minnesota Hospitals 
Minneapolis, MN 55455 


Clinical Imaging of the Colon and Rectum. By Frederick M. Kelvin and Richard Gardiner. New York: Raven, 507 


pp., 1987. $79 


The stated purpose of this volume, the second in the Clinical 
Imaging of the Gastrointestinal Tract series, is to provide an up-to- 
date and comprehensive review of colorectal imaging in adults. It 
succeeds admirably. 

Chapter contents cover anatomy and physiology, indications for 
examination, techniques of imaging and intervention, diverticular dis- 
ease, ulcerative colitis, Crohn’s disease, benign and malignant neo- 
plasms, metastases to the large bowel, polyposis syndromes, ob- 
struction and ileus, vascular diseases, and the appendix. One of the 
major strengths of this book is the integration of all appropriate 
current imaging methods in the investigation of a disease, including 
endoscopic examinations. Some of the less commonly performed 
examinations such as defecography are also included. The comple- 


mentary roles of radiology and endoscopy in the evaluation of several 
disorders are discussed without bias. The layout of the text is 
excellent and there is a good index. The overall high quality of the 
illustrations and its easy readability make this book equally useful for 
a complete reading or for reference purposes. 

Medical students, residents, clinicians, and practicing radiologists 
can all use this book, and many clinical radiologists, like myself, will 
wish to have a copy in their department. 


Noel K. Allan 
Northwest Diagnostic Imaging 
Bremerton, WA 98310 
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Technical Note 


Extraperitoneal Placement of Tenckhoff Catheters: A 
Cause of Immediate Malfunction 


Louis M. Perlmutt,' Simon D. Braun, Richard H. Cohan, and N. Reed Dunnick 


Over the past decade, the use of continuous ambulatory 
peritoneal dialysis has increased because it has several ad- 
vantages over hemodialysis. These advantages include lower 
cost, increased patient mobility, and fewer dietary restrictions 
[1]. The Tenckhoff catheter is most frequently used for peri- 
toneal access for continuous ambulatory peritoneal dialysis 
[2]. 

However, a high incidence of problems has been associated 
with the use of these catheters [3, 4]. Some of these, such 
as catheter malfunction caused by poor position within the 
peritoneal cavity and the development of adhesions around 
the catheter, may be treated by catheter manipulation. We 
describe four patients who experienced catheter malfunction 
immediately after the start of dialysis owing to extraperitoneal 
catheter placement. Catheter manipulation is not beneficial in 
these patients. 


Materials and Methods 


The Tenckhoff catheter (Dow Corning Corp., Midland, Ml) is a 
multiple-side-hole Silastic catheter with a Dacron felt cuff, approxi- 
mately 1 cm wide, bonded to the catheter near its outer end. All 
catheters were inserted in the operating room. A midline infraumbilical 
approach was used to enter the peritoneal cavity, and the tip of the 
catheter was placed into the rectovesicle pouch in men and the pouch 
of Douglas in women. The cuff was placed subcutaneously where it 
incites an inflammatory reaction around the insertion site, which 
prevents retrograde infection. Peritoneal dialysis was started shortly 
after catheter implantation. 

In the case of catheter malfunction, cannulography was first per- 
formed using 20-30 ml of 30-60% water-soluble contrast agent. If 
the tip of the catheter had migrated to an unfavorable position or was 
trapped in adhesions, manipulation was attempted. Between 1981 
and 1986, 82 Tenckhoff catheter manipulations were performed after 
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cannulography in 67 patients. The manipulation technique is de- 
scribed in a previous communication [5]. Of the 67 patients studied 
because of catheter malfunction, five had had catheters placed into 
extraperitoneal locations, thereby obviating any attempts at manipu- 
lation. Four catheters were found to lie in the anterior abdominal wall, 
and one was found retroperitoneally in the true pelvis. 


Results 


In four patients, cannulography showed that the catheter 
tips were located in the anterior abdominal wall (Fig. 1). 
Malfunction began immediately after the start of dialysis in all 
four. For one of these four patients, peritoneal adhesions 
were noted during surgery, but the other procedures were 
described as uncomplicated. The other three patients had 
their catheters surgically replaced. In two of these patients, 
peritoneal adhesions were found during catheter replacement. 
The fourth patient (in whom adhesions were found during the 
initial procedure) resumed hemodialysis. 

The fifth patient complained of leakage of dialysate around 
the catheter insertion site 8 days after catheter placement. 
The tip of the catheter was found to lie retroperitoneally within 
the true pelvis. 


Discussion 


Approximately 65,000 patients currently undergo dialysis 
in this country for end-stage renal disease. It is estimated that 
20-25% of these patients would benefit from continuous 
ambulatory peritoneal dialysis as a better alternative to he- 
modialysis [1]. The Tenckhoff catheter is most frequently 
used for peritoneal access [2]. 

However, numerous problems are associated with these 
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catheters [3, 4]. In one series, complications including peri- 
tonitis, leakage at insertion site, abdominal wall hernias, 
wound infections, bleeding, and bowel perforation were as- 
sociated with 70% of catheters. In about 40% of cases, 
patients with these catheters developed complications that 
required removal [3]. In another series, peritonitis occurred in 
56% of patients, catheter exit-site infections occurred in 68%, 
and abdominal wall hernias occurred in 11%. Complications 
resulted in catheter removal and replacement in 21% of these 
patients [4]. 

Problems related to malfunction of the tube include obstruc- 
tion by clot, kinking of the catheter, poor position within the 
peritoneal cavity (e.g., a ventral position), and the formation 
of adhesions around the catheter that leads to loculation of 
dialysate. These problems can be corrected by the radiologist. 
Several techniques of catheter manipulation have been de- 
veloped in order to restore flow obstructed by clot, straighten 
kinked catheters, reposition catheters, and disrupt adhesions 
[6, 7]. Manipulation of catheters has a longer-lasting success 
if the catheter has been functioning for a period of months 
before the malfunction occurs [5, 7]. At least one manipulation 
is recommended, however, even in early malfunctions. 

In a patient with a Tenckhoff catheter that malfunctions 
immediately, extraperitoneal placement of the catheter can 
be suspected. Anteroposterior and lateral radiographs of the 
abdomen may be all that are needed to prove catheter mis- 
placement (Fig. 1). However, we recommend cannulography 
for confirmation. On cannulography, loops of bowel are not 


Fig. 1.—A, Abdominal radiograph shows a 
Tenckhoff catheter with its distal end appearing 
to be in right lower quadrant. 

B, Cross-table lateral radiograph shows extra- 
peritoneal location of catheter in anterior abdom- 
inal wall. 

C, An anteroposterior cannulogram shows 
catheter trapped in a closed space, suggesting 
an extraperitoneal location. 

D, Cross-table lateral cannulogram confirmed 
location of catheter in anterior abdominal wall 
(arrows). 


outlined by contrast material. Instead, the appearance of an 
extraperitoneal space is shown (Fig. 1C). Conceivably, a 
catheter in the anterior abdominal wall could be confused with 
one embedded within adhesions, so a lateral radiograph is 
taken to confirm extraperitoneal catheter placement (Fig. 1D). 
Because of inflammation incited by the Dacron cuff, the 
position of these catheters cannot be corrected simply by 
advancement or retraction of the catheter. Because of the 
interposition of parietal peritoneum and/or fascia and/or mus- 
cle, manipulation by current techniques will be unsuccessful 
and the catheter should be removed or replaced. 
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CT-Guided Percutaneous Aspiration of Septic Thrombosis 
of the Inferior Vena Cava 


Daniel G. Miner,’ Richard H. Cohan, W. Kent Davis, and Simon D. Braun 


Septic thrombosis of the central veins is rare, but occurs in 
a significant number of critically ill patients, particularly burn 
and trauma victims [1]. Septic thrombosis of the inferior vena 
cava (IVC) can be managed with antibiotics and anticoagula- 
tion medication, but may require surgical ligation and debride- 
ment [1]. Definitive diagnosis of the offending organisms is 
difficult without surgery, however, particularly in patients who 
have been critically ill for extended periods and may have 
several sources of infection. We report a case where CT- 
guided percutaneous aspiration of an infected IVC thrombosis 
provided accurate culture data to enable appropriate antibiotic 
treatment, thus obviating surgery. 


Case Report 


An 18-year-old woman, victim of a motor vehicle accident, had 
been comatose and on a ventilator for 2 months when she developed 
persistent fever despite appropriate antibiotic therapy for Pseudo- 
monas urinary tract infection. Repeated blood cultures grew coagu- 
lase-negative Staphylococcus and beta hemolytic Streptococcus (en- 
terococcus). A right femoral catheter had been recently removed and 
purulent drainage was noted at the site. An abdominal CT done 8 
days after removal of the catheter showed apparent thrombosis of 
the IVC just inferior to the renal veins, extending into the right iliac 
and femoral veins (Fig. 1). Septic thrombophlebitis of the IVC was 
suspected, and on the next day a fine-needle (21 gauge) aspiration 
of the infrarenal IVC was performed from a right posterior paraspinal 
approach (Fig. 2). After confirming the position of the needle tip with 
CT, several milliliters of an orange, purulent material were obtained. 
Cultures grew Staphylococcus and enterococcus, confirming the 
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diagnosis of septic thrombophlebitis, apparently resulting from an 
infected right-femoral-vein catheter. The patient was maintained on 
gentamicin and vancomycin for 25 and 34 days, respectively. These 
antibiotics were discontinued after repeated negative blood cultures 
and 4 days without fever. The patient was transferred to a chronic- 
care facility 6 weeks later, still in a comatose state. 


Discussion 


Thrombosis of the IVC is readily detected by CT. There is 
a characteristic contrast enhancement of the vein wall sur- 
rounding a low-density lumen. This appearance is thought to 
be the result of increased flow and enhancement of the vasa 
vasorum [2]. 

Septic thrombosis may be suggested if gas is present within 
the thrombosed lumen. Schmitz et al. [2] reported such a 
case shown by CT. Surgery confirmed the presence of in- 
fected thrombus; the authors suggested that the gas may 
have been due to fistulous connection to bowel. Bures et al. 
[3] also reported a case of septic thrombosis of the IVC 
detected by CT. 

To our knowledge, there has been no report of confirmation 
of septic thrombosis by needle aspiration. This is a useful tool 
for confirming a site of infection, however, especially in pa- 
tients who are poor surgical candidates. This procedure can 
be done safely using a posterior approach similar to that used 
in translumbar aortography. The added advantage of confirm- 
ing the position of the needle tip ensures that the aspirated 
material is from the IVC lumen. 
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Other ways of obtaining material for culture include aspi- 
ration through a catheter wedged against the thrombus, 
needle biopsy through a modified catheter, and retrieval of 
material through a catheter via the spiral curves of a modified 
guidewire. All of these methods require venous access, how- 
ever, which may be difficult either because access is hindered 
by infection or injury (as in this patient) or because there is 
propagated clot in the iliac or femoral veins. CT-guided, fine- 
needle aspiration allows a much greater choice of access 
sites and requires only that the patient can be moved into a 
prone or lateral position. It is simpler, possibly faster, and 
provides better localization for sampling from the appropriate 
site. 

Potential complications include bleeding and dissemination 
of infected material along the needle tract. If the aspiration is 
done using a fine needle (21-22 gauge) via a translumbar 
approach under CT guidance, significant bleeding should not 
occur, particularly if the IVC is thrombosed. Translumbar 
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Fig. 1.—Contrast CT scan showing enhance- 
ment of caval wall with low-density central lumen 
indicating thrombosis. 


Fig. 2.—CT scan performed in left decubitus 
position showing needle tip within lumen of in- 
ferior vena cava. 


aortography, which uses a much larger needle and enters a 
much higher pressure system under less precise guidance 
(fluoroscopy), has been used safely for many years and is a 
well-accepted technique. Theoretically, the risk of dissemi- 
nation of infection along the needle tract exists. However, this 
complication is rarely seen when aspirating other infected 
abdominal collections. 
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Physiologic Changes During 
High Field Strength MR 
Imaging 





High field strength MR imaging systems may require several kilowatts of RF power to 
obtain images. A fraction of this power is absorbed by the patient, and changes in body 
temperature have been measured in experimental animals. The purpose of this study 
was to quantify changes in body surface temperature and other physiologic parameters 
in humans during MR scanning at 1.5 T. Blood pressure, heart rate, respiration, and 
axillary temperature measurements were obtained on 27 normal volunteers. Measure- 
ments were made at RF power levels of 0, 0.2, and 0.8 W/kg, with the power sequence 
randomized. In 14 volunteers receiving lumbar scans, statistically significant increases 
in temperature were observed at RF power levels of 0.2 (+0.2 + 0.1° C) and 0.8 (+0.5 
+ 0.1° C) W/kg. No significant changes related to RF power were observed in blood 
pressure or respiratory rate. At the 0.8 W/kg level there was a slight increase in heart 
rate (3 + 1.3 beats per minute). In the 13 patients receiving head scans, physiologic 
changes were substantially smaller. The temperature increases and other physiologic 
changes observed during MR scanning with the 1.5 T imager at RF powers of 0.2 and 
0.8 W/kg were small and of no clinical concern. Additional studies should be performed 
in patients with cardiac failure, vascular occlusion, and metallic implants or prostheses. 


Before approving MR systems for commercial use, the U.S. Food and Drug 
Administration (FDA) issued guidelines to MR manufacturers, investigators, and 
institutional review boards requiring manufacturers and investigators to provide an 
analysis of health effects to the institutional review boards when RF power 
deposition exceeds the FDA’s recommended specific absorption rate (SAR) of 0.4 
W/kg averaged over the whole body or 2.0 W/kg in any gram of tissue. This allows 
the institutional review boards to rule whether a given system represents a potential 
risk to patients. The FDA guidelines were based on recommendations of the 
American National Standards Institute (ANSI) for individuals who are chronically 
exposed to RF radiation [1]. The ANSI committee arrived at the 0.4 W/kg limit for 
whole-body exposure by dividing the minimum value expected to cause effects by 
a safety factor of 10. The minimum value was based on animal data, which showed 
that feeding behavior was altered after 60 min exposure to RF of 2450 MHz [2]. 
Behavior changes were observed at power absorptions of approximately 4.5 W/ 
kg averaged over the entire body [2]. 

The increasing use of high field strength MR systems (1.5-2.0 T) has led 
investigators to examine the effect of RF power that exceeds FDA guidelines [3, 
4]. RF deposition problems are important considerations with high field strength 
systems because, other factors being equal, the amplitude of RF excitation pulses 
increases as the square of the strength of the field [5]. The acquisition of multiple 
echoes and thin slices for clinical evaluation requires rapid pulse rates if the 
examination is to be tolerated by the patient. These rates may increase the power 
deposition above the SAR of 0.4 W/kg averaged over the whole body. The FDA's 
major concern regarding increased power deposition is its effect on body temper- 
ature. In our institution we use a high field strength MR system (1.5 T), which has 
been granted premarket approval by the FDA for operation at 0.4 W/kg whole- 
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body SAR and 8.0 W/kg peak SAR. We anticipated we would 
exceed FDA guidelines in certain clinical examinations using 
rapid pulsing rates. In order to examine the effects of higher 
RF power levels we therefore measured temperature and 
several other physiologic parameters that would indirectly 
indicate the effect of increased heat absorption at SARs of 
0.2 and 0.8 W/kg. 


Materials and Methods 


Twenty-seven volunteers were randomly divided into two groups: 
13 for head imaging and 14 for lumbar imaging. A consent form, 
approved by the Human Subjects Committee, was obtained from 
each volunteer and then three scans were performed on each subject: 
a control scan without RF power but with gradient switching, and 
scans at two power levels. In the lumbar group one scan exceeded 
the FDA guidelines of 0.4 W/kg while the other did not. The scans 
were performed in random order and were all 17 min long. A period 
of at least 9 min between exposures was used to monitor the 
physiologic parameters and provide a preexposure baseline. 

In this study the SAR was calculated for each patient exposure by 
an algorithm in the MR computer system. The algorithm was based 
on data the manufacturers obtained from volunteers scanned in the 
same areas as in this study. The SAR values in those studies were 
determined by measuring the loaded and unloaded RF coil impedance 
and calculating coupling efficiency. From this information and, taking 
into account transmission-line losses, it was possible to determine 
the percent of the total measured RF energy that was absorbed by 
the patient (Schaefer J, unpublished data). 

The volunteers who received lumbar scans received nominal SARs 
of 0.0, 0.2, and 0.8 W/kg. The average (+ SD) SAR values calculated 
for the exposures were 0.0, 0.20 (+0.06), and 0.75 (+0.14) W/kg. 
The 0.2 W/kg exposure imaged four slices while the 0.8 W/kg 
exposure imaged 17 slices. The scans were performed on a 1.5-T 


TABLE 1: Volunteer Groups 








Head Lumbar 
Women 10 6 
Men 3 8 
Age (range) 34-87 22-60 
(mean) 59.1 34.4 
Weight (range) 125-190 120-225 
(mean) 163 160 
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GE MR Signa scanner with a TE of 40 msec and 80 msec, respec- 
tively, a TR of 2000 msec, and a slice thickness of 5 mm. The scanner 
in our institution uses a linear coil. 

The head-scan volunteers received nominal average SARs of 0.0, 
0.02, and 0.06 W/kg. The average (+ SD) SAR values calculated for 
the exposures were 0.0, 0.022 (+0.004), and 0.058 (+0.001) W/kg, 
respectively. The 0.02 W/kg exposure imaged seven slices and the 
0.06 W/kg exposure imaged 17 slices. The scans were obtained with 
a TE of 40 msec and 80 msec, respectively, a TR of 2000 msec, and 
a slice thickness of 5 mm. 

The physiologic parameters measured included temperature, blood 
pressure, heart rate, and respiratory rate. The temperature was 
measured in the axilla using a thermistor probe and temperature 
indicator (YSI). Baseline temperature readings were taken before the 
start of the procedure and before and after each scan. The temper- 
ature changes were only recorded before and immediately after the 
end of the exposures because the RF energy interferes with the 
function of the thermistor probe. If the thermistor probe provides a 
moderate resistance to ground, the thermistor can absorb sufficient 
energy to become “hot.” It was therefore disconnected during the 
scan. Surface rather than core temperature was measured because 
more power is absorbed at the surface [6]. The axilla was chosen 
primarily because of convenience. 

Blood pressure and heart rate were measured with an automated 
monitor that examines arm-cuff pressure oscillations (Bard-Sentry). 
The respiratory rate was monitored by measuring pressure oscilla- 
tions in a chest bladder with a low-measure transducer (Validyne). 
Blood pressure, heart rate, respiratory rate, and temperature were 
measured at 3-min intervals throughout the study. 

The temperature effects of the individual scans were quantified by 
calculating the difference in temperature before and immediately after 
the scans. Changes in other parameters were defined as the differ- 
ence between the last measurements during the scan and the prescan 
baseline values. Means and standard deviations of these values were 
calculated for the three power levels and three scan times. The paired 
Student's t-test was used to calculate significance (p < .05). 


Results 


The 27 volunteers who participated in this study were 
divided into two groups: head and lumbar (Table 1). The 13 
volunteers in the head group were predominantly women, 
and this group was older than the lumbar group. The mean 
weight was approximately the same in the two groups. As 
shown in Table 2 all of the changes we observed were small 
and well within the range of normal daily variations. 


TABLE 2: Mean Changes vs Power Level (with Standard Deviations) 





TEMP” 





Lumbar Group 0.0 


Head group 


I+ I+ I+ I+ I+ I+ 


© 
oO 
S990900 


BP HR RR 
mmHg BPM' BPM? 
0+0.4 O+ 1,4 0+0.4 
—2 + 1.4 Ee 0+0.4 
—1+1.5 oS 13 0+0.5 
—2 + 2.2 040.9 0+0.6 
E22 1+0.8 1+0.6 
-5 +3.3 —3 + 0.9 1205 





Note.—TEMP = temperature, BP = blood pressure, HR = heart rate, RR = respiratory rate, BPM’ = beats per 


minute, BPM? = breaths per minute. 


* Mean temperature changes have been rounded to the nearest 0.1° C while other parameters were rounded to 


the nearest integer. 
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Lumbar Group 


In the lumbar group, the mean increase in temperature was 
0.1° C for the control scan, 0.2 + 0.1° C for the 0.2 W/kg 
scan, and 0.5 + 0.1° C for the 0.8 W/kg scan (Fig. 1). The 


Axillary Temperature Change 


Temperature Change (c") 


RF Power (watts/kg) 


Fig. 1.—Axillary temperature changes in individuals who received lum- 
bar MR. 


Temperature Change (C°) 


Fig. 2.—Relationship between temperature 
change and body weight in individuals who re- 
ceived lumbar MR (0.8 W/kg). 


PHYSIOLOGIC CHANGES DURING MR 





1217 


mean temperature increases with the 0.2 W/kg and the 0.8 
W/kg scans were statistically significant. As illustrated in 
Figure 2 there was a trend for greater temperature increases 
in lighter individuals as compared with heavy individuals. 

Increases in heart rate were small and not significant in the 
control or 0.2 W/kg scans, while at 0.8 W/kg a statistically 
Significant mean increase of three beats per minute was 
observed (Table 2). No significant changes in blood pressure 
and respiratory rate were observed. 


Head Group 


In the head group, the mean temperature rise was always 
less than 0.2°C and did not correlate with power level (Table 
2). The mean heart rate did not increase during the control 
and 0.02 W/kg scans. However, during the 0.06 W/kg scan, 
the heart rate decreased significantly by more than three 
beats per minute. The mean blood pressure changes during 
the three scans varied up to 5 mm Hg but were not statistically 
significant. Respiratory rate varied by less than one breath 
per minute. 

Temperature and other physiologic changes were also 
examined as a function of scan sequence instead of RF power 
(Table 3). No significant sequence-dependent physiologic 
changes were observed for either the head or lumbar groups 
and the only significant change in temperature occurred dur- 
ing the first lumbar scan. 


Discussion 


MR safety concerns can be related to the static magnetic 
field, the changing magnetic field, and the RF power deposi- 
tion [4]. The only well-established consequence of RF expo- 


Temperature Change vs Weight 
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TABLE 3: Mean Changes vs Scan Sequence (with Standard Deviations) 





TEMP* 


Scan Order °C 


Lumbar Group 


Head Group 


WN WNhM — 


05+0.4 
0220:3 
0.120:3 
0.2+0.4 
C7041 
0.0 + 0.1 


BP HR RR 
mmHg BPM' BPM? 
—2 + 5.2 05.5 0+1.5 
—-1+58 2+45 0+1.6 
2+49 2+4.4 0+1.6 
O + 6.1 —2+3.8 0+2.4 
—3 + 12.8 -1 + 2.7 0+1.8 
O+ 10.1 0+ 4.1 tE 





Note.—TEMP = temperature, BP = blood pressure, HR = heart rate, RR = respiratory rate, BPM' = beats per 


minute, BPM? = breaths per minute. 


* Mean temperature changes have been rounded to the nearest 0.1° C while other parameters were rounded to 


the nearest integer. 


sure is the absorption of heat by the body. This article is 
concerned with temperature and other physiologic changes 
that might indicate that the body's thermoregulatory system 
has been stressed by the increased power deposition. 

The small changes we observed in temperature, heart rate, 
blood pressure, and respiratory rate suggest that the FDA 
RF power deposition guidelines can be exceeded by a factor 
of two in the body without any clinically significant physiologic 
effects. In fact, the physiologic changes that we observed 
were within the limits that nonstressed individuals experience 
each day. The number of volunteers that we studied was 
small but the results are consistent with another study in 
which RF power deposition went up to as high as 4.0 W/kg 
[3]. 

Based on our results, our institutional review board for 
patient studies permits MR scans to be performed at RF 
power levels between 0.4 W/kg and 4 W/kg on patients who 
are part of a research protocol. All patients are monitored for 
heart rate and blood pressure while they are in the scanner. 
In our protocols an increase in heart rate of 20 beats per 
minute or a change in blood pressure of 20 mm Hg are 
indications to halt the scan and give the physician an oppor- 
tunity to evaluate the patient and determine if the study can 
continue safely. These values were recommended by an ad 
hoc committee of the Committee on Investigations Involving 
Human Subjects, which was formed to examine the biological 
effects of high field strength MR on humans. Scan time is 
limited to 20 min since patients find it difficult to remain 
motionless for longer periods and because studies with mi- 
crowave radiation have shown that short exposure times limit 
neuroendocrine responses in laboratory animals [7, 8]. 


In our normal volunteer groups we observed no physiologic 
changes of clinical significance at RF power levels of 0.8 W/ 
kg. Although we believe that the same will be true at higher 
RF power levels in normal volunteers and in most patients, 
we still advise careful observation of these individuals. In 
addition, we feel that patients with severe cardiovascular 
compromise and occluded vessels should also be observed, 
since their ability to exchange heat with the rest of their body 
will be compromised. 
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MR Detection of Tumor in 
the Internal Auditory Canal 





The MR appearance of 15 tumors within or near the internal auditory canal was 
analyzed in detail and compared with the subsequent surgical observations. In most 
cases, nonenhanced MR showed the precise extent of the intracanalicular and extra- 
canalicular tumor despite minor variations in appearance. In a case of facial nerve 
neurinoma, the extent to which the tumor invaded the canal was underestimated by MR. 
Gadolinium-DTPA enhancement is expected to eliminate uncertainties in MR imaging of 
the internal auditory canal. 


The normal MR appearance of the internal auditory canals and individual cranial 
nerves within them has been described [1-3]. MR signs of intracanalicular tumor 
include obscuring of the seventh and eighth cranial nerves [3-7], abnormally 
increased signal intensity [1], and enhancement after intravenous administration of 
Gadolinium-DTPA [8]. This paper discusses the MR detection of tumor within the 
internal auditory canal. 


Materials and Methods 


The records of patients who had surgery for a cerebellopontine angle or intracanalicular 
tumor at Froedtert Memorial Lutheran Hospital from 1983 to 1986 were reviewed. Those 
patients who also had preoperative MR examinations of the temporal bones were selected 
for this study. The surgeons who performed the explorations correlated surgical and MR 
findings. The extent of tumor within the internal auditory canal found at surgery was compared 
with the MR appearance of the canal. 

The MR studies were performed on research 1.4- or 1.5-T and commercial 1.5-T GE 
imaging systems. Each study was initiated with a short TR sagittal scan to select optimal 
axial and coronal slice locations for the temporal bones. Technical factors for the temporal 
bone imaging included 3- or 5-mm thick slices, a 128 x 256 or 256 x 256 matrix, and spin- 
echo sequences with a short repetition time (TR 300-800 msec) and a short echo time (TE 
20-25 msec). In most cases a long TR sequence (2000 or 2500 msec) with multiple echoes 
(25-100 msec) was also obtained. For the research system, one to four signal averages and 
a single-slice acquisition technique were used. For the commercial system, two to four 
excitations (2-4 NEX) and a multislice acquisition technique (contiguous short TR images, 
long TR images either contiguous or with 1-mm skips between sections) were used. A head 
coil or, less commonly, a 3- or 4-in. diameter surface coil placed beside the ear was used to 
receive the RF signal. Two patients were given Gadolinium-DTPA in a dose of 0.1 mmol/kg 
via antecubital vein 5 min before scanning. 


Results 


Twelve patients with acoustic neurinomas, two with facial nerve tumors, and 
one with a meningioma were selected. At surgery, the acoustic neurinomas were 
considered to be entirely or predominantly intracanalicular (five), or both intra- and 


1220 


extracanalicular (seven). The facial nerve tumors (one neuro- 
fibroma and one neurinoma) had both extra- and intracanalic- 
ular components. The neurofibroma and 11 acoustic neuri- 
nomas filled the entire canal. The facial nerve neurinoma and 
one acoustic neurinoma nearly filled the canal; the meningi- 
oma was entirely extracanalicular. 

The MR appearance of the intracanalicular tumors had 
minor variations. Short TR and TE images, which showed 
greater contrast between CSF and tumor than did long TR 
images, revealed a widened canal and tissue displacing CSF 
from the internal auditory canal. In eight cases the intracana- 
licular tumor had a homogeneous intensity slightly less than 
that of the brainstem (Fig. 1). In five cases the intracanalicular 
tumor had a central thin band of low signal intensity (Fig. 2). 
In one acoustic neurinoma and in the cerebellopontine angle 
meningioma, MR demonstrated edges of the tumors within 
the internal auditory canal (Fig. 3) and at the porus acusticus 
(Fig. 4), respectively. In the case of the facial nerve neurinoma, 
the tumor appeared exclusively extracanalicular in MR but 
was found in the canal at surgery (Fig. 5). After the intrave- 
nous administration of Gadolinium-DTPA, the intra- and extra- 
canalicular components of an acoustic neurinoma and the 
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neurofibroma enhanced intensely and homogeneously (Figs. 
6 and 7). 


Discussion 


The inhomogeneous signals from some intracanalicular tu- 
mors are of uncertain significance (Fig. 2). No anatomic cor- 
relate was found at surgery. All acoustic neurinomas, even 
those with an inhomogeneous appearance, had thin capsules, 
probably not identified with MR. One possible explanation for 
tumor signal inhomogeneity is cellular differences between 
the central and peripheral parts of small acoustic neurinomas 
(J. Gail Neely, personal communication). The lower-intensity 
signal did not appear to represent normal nerves surrounded 
by tumor, since in each case the nerves appeared at surgery 
to be eccentrically displaced by the tumor. No cystic spaces 
or calcifications or vascular structures that might produce a 
lower-intensity signal were identified in the tumors. An artifact 
of imaging cannot be excluded. 

Determination of intracanalicular tumor was not difficult with 
nonenhanced MR in most cases. Only in the case of the facial 


Fig. 1.—Two examples of acoustic neurinomas 
having homogeneous intracanalicular signals 
(arrows) in coronal short TR and TE MR images 
obtained with head (A) and surface (B) coils. 
The tumors filled the internal auditory canals at 
surgery. The homogeneous appearance of the 
canals is typical of intracanalicular tumor. 


Fig. 2.—Intracanalicular acoustic neurinoma in 
short TR and TE (A) and long TR and TE (B) 
axial MR images. The tumor widens the involved 
canal and displaces CSF. A central thin band of 
low signal intensity (arrow, A) is demonstrated. 
In B, the tumor is more difficult to identify be- 
cause its signal is almost as bright as that of 
CSF. At surgery, solid tumor that filled the canal 
without a cyst was found. No anatomic correlate 
of the tumor’s dark central band was identified. 
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A 


Fig. 3.—The edge (arrow) of an acoustic neuri- Fig. 4.—Cerebellopontine angle meningioma (black arrow) in axial short TR and TE MR image (A) 

noma within internal auditory canal is seeninan found to be entirely extracanalicular at surgery. Its edge (curved arrow) at porus acusticus is shown. 

axial short TR and TE MR image. Incomplete In coronal short TR and TE image (B) normal cranial nerves in ipsilateral canal are identified (white 

filling of canal by tumor was found at surgery. arrow). Thin region of negligible signal between them probably represents falciform crest. A long TR 
and TE image was not helpful in defining the extent of tumor. 


Fig. 5.—Seventh nerve neurinoma (black arrow) 
misinterpreted with MR as entirely extracanali- 
cular. In short TR and TE contiguous coronal 
images (A, B), the canals appear completely 
symmetric with tumor having signals in ipsilat- 
eral canal simulating normal nerves and CSF 
(curved arrow, A). At surgery, tumor almost filled 
the canal. 


Fig. 6.—A surface-coil short TR and TE MR im- 
age (A) of an acoustic neurinoma (straight ar- 
row) in which internal auditory canal has inho- 
mogeneous signals (curved arrow) with a central 
dark band resembling CSF between normal cra- 
nial nerves. In B, a short TR and TE head-coil 
image after intravenous gadolinium-DTPA, in- 
tensely enhancing tumor (straight arrow) that 
completely fills canal (surgically verified) is 
seen. 
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Fig. 7.—Intra- and extracanalicular seventh nerve neurofibroma (straight 
arrow) in axial short TR and TE MR images. Tumor has homogeneous 
signals before (A) and after (B) Gadolinium-DTPA enhancement. Also 
shown is intensely enhancing tumor by the geniculate ganglion (curved 


nerve neurinoma (Fig. 5) was intracanalicular tumor not rec- 
ognized preoperatively. An intracanalicular mass with a thin 
central band of low-intensity signal was usually not misinter- 
preted as normal seventh and eighth cranial nerves and CSF 
in the internal auditory canal. However, intravenously en- 
hanced MR facilitates the identification of the full extent of 
intracanalicular tumor. A blinded study is in preparation to 
determine the sensitivity of nonenhanced and enhanced MR 
for detecting intracanalicular tumors and differentiating acous- 
tic neurinoma from extracanalicular meningioma. 
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External Hydrocephalus: 
Radiologic Spectrum and 
Differentiation from Cerebral Atrophy 





External hydrocephalus (EH) is a condition in which infants with rapidly enlarging 
heads are found to have a CT scan that shows widening of the subarachnoid space with 
mild or no ventricular dilation. In this study, 74 infants with EH associated with a variety 
of conditions were examined clinically and with CT scans to identify the radiologic 
features of the condition as well as to understand its clinical and radiologic evolution. 
Some of these CT scans were compared with those of patients with cerebral atrophy. 
The characteristic CT findings in EH were bifrontal widening of the subarachnoid space 
and widened interhemispheric fissure frontally with only mild enlargement of the rest of 
the subarachnoid space. Occasional mild to moderate ventriculomegaly was also pres- 
ent. In most cases the radiologic findings could be distinguished from those seen in 
cerebral atrophy, even without the clinical history of an enlarging head. The cases of 
cerebral atrophy showed prominent sulci throughout without disproportionate bifrontal 
widening of the subarachnoid space. Two major groups of infants are identified. The 
largest group (47) consisted of infants with primary megaloencephaly. Megaloencephaly 
was idiopathic in 40 infants, many of whom (19) met the criteria for benign familial 
macrocephaly. Others (7) had a clearly defined genetic syndrome. The radiologic 
abnormalities in these infants usually disappear by 2 years of age. The other major 
group (14) consisted of infants who sustained CNS or systemic insults such as subdural 
hematomas (8) or meningitis (3), which cause impaired CSF absorption. Thirteen pre- 
mature infants with EH were also identified. It is concluded that EH is an age-related 
self-limited condition occurring in infants with open cranial sutures and that usually 
resolves without intervention by 2-3 years of age. 


Excessive head growth is a common problem in infancy. Studies in the pre-CT 
era suggested that the most frequent cause of macrocephaly is communicating or 
noncommunicating hydrocephalus [1]. With CT, however, another entity is now 
frequently seen during the evaluation of infants with macrocephaly, namely external 
hydrocephalus (EH) or the enlargement of the subarachnoid spaces with mild to 
moderate or no ventricular dilation [2]. In the last few years over 100 cases of EH 
in infants have been reported [2-12]. Nonetheless, the condition remains poorly 
understood and is still frequently unrecognized or misdiagnosed. 

The multiple terms used to describe external hydrocephalus, such as “pseudo- 
hydrocephalus-megalocephaly” [4], “benign subdural collections of infancy” [6], 
and “extraventricular obstructive hydrocephalus” [7] demonstrate the confusion 
that has surrounded the entity. The difficulty with diagnosing and recognizing EH 
is due in part to the frequency with which it is associated with other conditions, 
such as prematurity [9, 11], subdural hematomas [6, 10], intraventricular hemor- 
rhages [9], and genetic syndromes [2, 13]. Another problem is the radiologic 
similarities between EH and cerebral atrophy. In fact, according to many authors, 
the differentiation between these two entities is very difficult without the history of 
an enlarging head [2, 10]. 

The present study summarizes the radiologic and clinical findings of 74 infants 
with EH seen over the last several years. It extends the results of a previous study 
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on idiopathic EH [14]. In spite of its frequent association with 
a number of dissimilar conditions, EH appears to be a distinct 
radiologic entity that can clearly be differentiated from cerebral 
atrophy. 


Materials and Methods 


The CT scans of all infants evaluated for macrocephaly at Montef- 
iore Medical Center and Bronx Municipal Hospital Center during the 
period January 1975 through December 1983 were studied retro- 
spectively. The 41 who met the criteria for EH were identified and 
their medical records reviewed. During the period January 1984 to 
June 1985, 33 infants with EH were identified prospectively. The 
criteria used to define external hydrocephalus [2, 11, 14] were (1) 
maximal occipitofrontal head circumference (OFC) greater than 95th 
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percentile on the standard growth curve [15] or head circumference 
below or at the 95th percentile but that had crossed at least two 
percentile lines on the standard growth curves, and (2) radiographic 
evidence on CT scan of unusually prominent subarachnoid space 
with or without some degree of ventricular dilation present during the 
time of head growth (Fig. 1). 

Infants were sedated for the scan with a dose of 50-75 mg/kg of 
chloral hydrate or a combination of 2 mg/kg of meperidine with 1 mg 
of hydroxyzine. There were no complications. CT scans were per- 
formed without contrast enhancement using GE models 8800 and 
9800 and an EMI 5005 scanner. 

A total of 74 patients with EH were identified and studied. These 
patients were grouped according to their history and each group was 
Studied separately. The term prematurity was used to identify all 
infants with an estimated gestational age of less than 36 weeks at 
birth. Those born with an estimated gestational age =>36 weeks who 
did not meet the criteria for a recognized genetic syndrome and who 


Fig. 1.—Radiologic spectrum of external hy- 
drocephalus (EH). All cases are noncontrast CT 
scans. 

A, Idiopathic EH in 4-month-old boy. CT scan 
shows prominent widened subarachnoid space 
in frontal and frontoparietal regions and enlarged 
interhemispheric fissure frontally. Frontal horns 
are also enlarged. 

B, Idiopathic EH in 8-month-old boy with rap- 
idly increasing head circumference. Note prom- 
inent widened subarachnoid space frontally and 
enlarged interhemispheric fissure. Mild ventric- 
ular enlargement is present. While sulci directly 
adjacent to wide subarachnoid space in frontal 
and frontoparietal regions are prominent, the 
parietal and occipital sulci are normal. 

C, EH occurring in 9-month-old infant with 
Weaver syndrome. Radiologic findings are sim- 
ilar to those in B, but more severe and asym- 
metrical. 

D, EH occurring in 4-month-old girl who had 
been born prematurely after 32 weeks gestation 
and who presented with rapid head growth. CT 
scan shows widened subarachnoid space fron- 
tally and prominent interhemispheric fissure 
without evidence of sulci enlargement or ventric- 
ular dilation. 
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did not have a history of an identifiable CNS insult immediately before 
developing EH were labeled idiopathic. 

Eight of the patients with EH were selected at random and their 
CT scans compared with those of eight infants with cerebral atrophy 
[16]. Cerebral atrophy was defined as radiologic evidence of diffuse 
loss of brain tissue (i.e., prominence of the cortical sulci out of 
proportion to the degree of ventricular dilation with a pattern of 
ventricular dilation that tends to be more prominent frontally) [17] in 
patients who were either microcephalic (OFC <5th percentile on 
standard growth curve [15]) or had an OFC above the 5th percentile 
with arrested head growth after an insult. All 16 scans were then 
reviewed by two of the investigators, who were blinded to the clinical 
diagnosis of each scan. 


Results 
Study Population 


A total of 74 CT scans of patients with EH were identified. 
EH was associated with a variety of conditions as summarized 
in Table 1. The largest identifiable group consisted of 40 
infants with idiopathic EH. These infants had a uniformly 
benign prognosis. In 22 infants, development was mildly 
delayed in the first year of life but was normal in all but one 
by age 2 years. In addition, family members with benign 
familial macrocephaly [18] were identified in 85% of the cases 
in which a family history was available. Thus, this entity 
probably represents the early and transient radiologic findings 
of benign familial macrocephaly. The clinical and radiologic 
findings in 36 of these 40 infants with idiopathic EH have 
been previously reported [14]. 

The remaining 34 infants had a variety of associated con- 
ditions, such as known genetic syndromes (i.e., achondropla- 
sia [13], Beckwith [19], Soto [20], Goldenhar [21], and 
Weaver [22]) (7), prematurity (13), CNS insults (11), and 
systemic insults (3). The clinical course in these patients did 
not vary from that of infants with similar conditions who did 
not have EH. All infants presented in the first year of life. The 
cranial sutures were open in all infants with EH. 


TABLE 1: Conditions Associated with External Hydrocephalus 


a ere ERS Se ES SS ESS ta SE RSE SS SS ee 


No. of 
Cases 


Idiopathic 40 

Benign familial macrocephaly 19 
Genetic syndromes 7 

Achondroplasia 

Beckwith syndrome 

Cerebral gigantism (Soto syndrome) 

Goldenhar syndrome 

Weaver syndrome 
Prematurity 13 
CNS insults 11 

Subdural hematoma 8 

Meningitis 3 
Systemic conditions 

Increased venous pressure -9 

Total 74 
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Radiologic Criteria and Differentiation from Cerebral Atrophy 


The CT scans of patients with EH differed in severity but 
were qualitatively similar in all cases, regardless of etiology. 
The main findings consisted of prominent widening of the 
subarachnoid space in the frontal and frontoparietal regions 
and of the interhemispheric fissure frontally. Some degree of 
widening, but to a much lesser extent, was also present in 
the rest of the subarachnoid space. These patients had 
normal (64%) or mild to moderately dilated (36%) ventricles. 
The basal cisterns were enlarged in 68% of the cases. The 
sulci often appeared prominent in the frontal and frontoparietal 
regions but were of normal appearance in most other areas. 
The spectrum of EH due to a variety of causes is shown in 
Figure 1. 

In the CT scans of eight patients with cerebral atrophy the 
main radiologic finding was diffuse prominence of the sulci 
distributed throughout the entire cerebrum (Fig. 2). The ven- 
tricles and basal cisterns were dilated proportionately to the 
subarachnoid dilation. Ventricular dilation was more promi- 
nent than in the cases with EH. Prominence of the cerebellar 
sulci was also occasionally present (38%). The interhemi- 
spheric fissure was usually normal and, when widened (38%), 
was prominent throughout and not just in the frontal areas. 
In no case was there prominent widening of the subarachnoid 
space in the frontal and frontoparietal region that was dispro- 
portionate to the rest of the subarachnoid space. When these 
CT scans were compared with those of patients with EH by 
observers who were unaware of the clinical diagnosis in each 





Fig. 2.—Atrophy. 11-month-old boy with AIDS 
and arrested head growth. Frontal, parietal, and 
occipital sulci are uniformly enlarged as are syl- 
vian fissures and ventricles. There is no dispro- 
portionate widening of subarachnoid space in fron- 
tal and frontoparietal regions. Subsequent autopsy 
confirmed diffuse cerebral atrophy. 
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case, there was no difficulty distinguishing between the two characteristic features of EH. These findings persisted 


entities, and the correct diagnosis was made in all cases. through the period of increased head growth. Subsequently, 
In one case the radiologic picture of a patient with acute there was arrest of the head growth, at which time the CT 
subdural hematomas correlated with changing clinical find- scan showed the characteristic findings of cerebral atrophy. 


ings. Soon after the development of the subdural hematoma The sequential CT scans and their correlation with the rate of 
the OFC rapidly increased and a repeat CT scan showed the head growth are shown in Figure 3. 





HEAD CIRCUMFERENCE (cm) 





B 6 12 18 24 30 36 


D | E AGE (months) 

Fig. 3.—EH developing after a subdural hematoma. 

A, 2-month-old boy with acute subdural hematoma in right posterior interhemispheric fissure. Increased density in posterior limb of left internal capsule 
is artifactual. 

B, CT scan performed 5 days later, a time of rapidly increasing head circumference (see Fig. 3E). Widened subarachnoid space in frontal region has 
developed while interhemispheric subdural hematoma has resolved. 

C, CT scan 1 month after initial insult shows typical findings of EH with prominent widening of subarachnoid space frontally (left more than right) and 
widened interhemispheric fissure. Head circumference was still increasing rapidly. 

D, Posttraumatic atrophy. 8 months later the disproportionate widening of subarachnoid space frontally has disappeared and external hydrocephalus 
has resolved. However, cortical sulci are large, especially in parietal lobes, suggesting residual atrophy. Head growth had arrested approximately 7 
months before this CT. 

E, Graph correlating head circumference growth rate with CT scans (Figs. 3A-3D). The three curves in growth chart represent 5th, 50th, and 95th 
percentiles, respectively [15]. 
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Radiologic Evolution of EH 


1. Idiopathic and genetic syndromes. 

The evolution of the CT scans of patients with idiopathic 
external hydrocephalus and those of patients with EH asso- 
ciated with genetic syndromes was very similar. The first area 
that appeared to enlarge was the interhemispheric fissure 
frontally, followed by the subarachnoid space in the frontal 
and frontoparietal regions. Subsequently, the basal cisterns 
enlarged, and, finally, ventricular dilation, when it occurred, 
was a late finding. The time of onset of the EH was difficult 
to assess. Since the reason for referral was to evaluate an 
already enlarging head, EH was already present in the first 
CT scan of all patients. The CT picture of EH and the rapid 
head growth, which were usually present by age 3 months, 
appeared to stabilize at approximately 15-18 months of age. 
The radiologic findings of EH resolved by 2-212 years of age, 
after which the CT was that of a megaloencephalic child with 
only occasional minimal widening of the interhemispheric fis- 
sure frontally (Fig. 4). None of the patients developed signifi- 
cant (internal) hydrocephalus or received any form of medical 
or surgical therapy for the EH. 

2. CNS insults. 

The patients with subdural hematomas developed the CT 
scan of EH soon after the onset of the hematomas, usually 
within 3-4 days (Fig. 3). In all cases the CT picture resembled 
that of the patients with idiopathic external hydrocephalus 
except for the presence of the subdural hematomas and 
occasional blood in the subarachnoid space. In contrast to 
the infants with idiopathic EH, in this group of infants once 
the CT picture of EH started to resolve, the OFC returned to 
normal. In three cases, however, it was followed by develop- 
ment of microcephaly and a CT picture of cerebral atrophy, 
as illustrated in Figure 3. Progressive hydrocephalus requiring 
a shunt did not develop in any of these infants. 


Fig. 4.—Evolution of idiopathic external hy- 
drocephalus. 

A, 6-month-old boy with early mild external 
hydrocephalus. CT scan performed because of 
large head circumference noted at routine ex- 
amination. 

B, CT scan at age 3 years is normal. Child 
was still macrocephalic but otherwise normal. 
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In the patients with meningitis, EH also developed soon 
after the onset of the infection. Although difficult to differen- 
tiate from subdural effusion, the diagnosis of EH was made 
by the prominence of the cerebral sulci under the enlarged 
(subarachnoid) space and the prominent interhemispheric fis- 
sure. The sulci tend to be obliterated in the cases of the 
subdural effusions. There has been no resolution of the CT 
picture in the two infants who are still under the age of 18 
months. A picture of mild cerebral atrophy developed in the 
third and older patient, who is now microcephalic. 

3. Prematurity. 

There were 13 premature infants with EH. Eight also had 
intraventricular hemorrhage, a complication frequently found 
in premature infants [23]. The radiographic picture and evo- 
lution of EH in these 13 infants (Fig. 1D) was similar to that 
of the infants with idiopathic EH. 


Discussion 


The term external hydrocephalus was first used by Dandy 
in 1917 to describe enlargement of the subarachnoid space 
in the presence of increased intracranial pressure [24]. It was 
only recently that Robertson and Gomez [3] reintroduced the 
term to describe a condition in which children wtih enlarging 
heads have a CT scan of enlarged subarachnoid spaces with 
mild to moderate or no ventricular dilation. There appears to 
be an excess of normal CSF in the subarachnoid space. This 
was demonstrated by Andersson et al. [12] who performed 
craniotomies on four patients with idiopathic EH and found 
an enlarged subarachnoid space without other abnormalities. 

EH has frequently been associated with a number of con- 
ditions (Table 1). In addition to the conditions found in our 
study it has also been reported in association with vitamin A 
deficiency [25], intraventricular hemorrhage [2, 9], and sub- 
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arachnoid hemorrhage [9]. The pattern of radiologic findings 
in all these patients, regardless of the presence or absence 
of associated conditions, appears to be identical. Thus, the 
accurate diagnosis of EH should not be overlooked because 
of the associated condition. The possibility of EH should be 
considered in any infant with a rapidly enlarging head. 

In some specific instances, particularly in infants with sub- 
dural hematomas, the recognition of EH may be difficult, in 
spite of the history of an enlarging head. Zimmerman et al. 
[26] reported a large number of abused infants who developed 
“cerebral atrophy” immediately after the development of sub- 
dural hematomas. This “cerebral atrophy” resolved in some 
of the children and persisted in others. EH is a common 
finding soon after the development of subdural hematomas 
[2, 10, 11] (Fig. 4). This phenomenon, which probably results 
from mechanical obstruction of the arachnoid villi by the 
subdural hematomas, usually disappears once the hemato- 
mas resolve. At that point, however, the brain may either 
return to normal or, because of significant damage from the 
Original insult, become atrophic. One would assume that at 
least some of the infants with transient “cerebral atrophy” 
reported by Zimmerman et al. [26] may have had EH. Al- 
though the diagnosis in this particular group of infants can be 
difficult, when one studies the radiologic findings in serial CT 
scan evaluations together with the concurrent OFC growth 
rate, an accurate differentiation between EH and cerebral 
atrophy can usually be made. Such a differentiation is partic- 
ularly important in this group of patients because of the 
medical-legal implications often present. 

In the absence of a clinical history and OFC growth curve, 
differentiating between EH and cerebral atrophy, because of 
their radiographic similarities, has been difficult. Many of our 
patients with EH were originally diagnosed as having “cerebral 
atrophy.” However, we found certain radiologic differences 
between EH and cerebral atrophy that when present allow a 
radiologic differentiation between these two entities in most 
cases, even with no knowledge of the clinical history. EH is 
invariably associated with prominent widening of the sub- 
arachnoid space in the frontal and frontoparietal region dis- 
proportionate to the rest of the subarachnoid space and 
widening of the interhemispheric fissure in the frontal region. 
Atrophy, on the other hand, is almost always associated with 
prominence of the cerebral sulci throughout and does not 
exhibit the two main features of EH, both of which should be 
present in order to make the diagnosis of EH. To determine 
whether the frontal fluid collection could be due to the infant’s 
position, we attempted to scan several infants in the brow- 
down position. This failed because the infants invariably either 
woke up or had signs of respiratory compromise. However, 
we believe that the location of the fluid is truly frontal and not 
an artifact of position. Support for this comes from the fact 
that in CT scans of infants with atrophy (Fig. 2) there are 
equally prominent sulci and fluid frontally and occipitally. In 
addition, the neurosurgical data cited earlier [12] found en- 
larged subarachnoid fluid spaces frontally. The size of the 
basal cisterns and the degree of ventricular dilation cannot be 
used to differentiate the two conditions. 
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It is important to distinguish between EH and cerebral 
atrophy because the two conditions have very different clinical 
outcomes. Idiopathic EH appears to be a benign self-limited 
condition that resolves spontaneously without sequelae by 
2-3 years of age [14]. On the other hand, the presence of 
cerebral atrophy is often associated with a poor neurologic 
prognosis. In the cases of patients with CNS insults (i.e., 
subdural hematomas and meningitis) and EH, the outcome is 
variable and the radiologic EH may either resolve, evolve to a 
picture of cerebral atrophy (Fig. 3), or lead to the development 
of progressive hydrocephalus. In this particular group it ap- 
pears that the severity of the original insult, not the EH, 
dictates the eventual outcome. 

While in premature infants the radiologic evaluation of EH 
is similar to that of idiopathic EH, with resolution by 2-3 years 
of age, the neurologic outcomes were more variable. Prema- 
turity is frequently associated with CNS insults, such as 
intraventricular and subarachnoid hemorrhages, which often 
occur without symptomatology [23, 27]. Since detailed radio- 
logic studies in the perinatal period to distinguish between 
the two possibilities (which clearly can affect neurologic out- 
come) were not available, the premature infants were classi- 
fied separately. 

The finding of EH in a variety of infants with recognized 
genetic syndromes is particularly interesting. Primary megal- 
oencephaly appears to be a common feature in these disor- 
ders as well as in benign familiar macrocephaly. We could not 
find any report of EH in these genetic syndromes. However, 
the syndromes are relatively rare and most published scans 
are of children over 2 years of age. Perhaps EH is an early 
finding in all primary megaloencephalic syndromes. Further 
work on defining the primary and secondary megaloence- 
phalic syndromes is currently in progress. 

The size of the subarachnoid spaces in children is variable, 
and radiologic findings qualitatively similar to those seen in 
EH are occasionally seen in normocephalic patients [28]. 
Kleinman et al. [29] found that some degree of subarachnoid 
enlargement in normal patients is not uncommon during in- 
fancy. However, in this group of children the widening of the 
subarachnoid space was of a much lesser degree than that 
of children with EH. Unfortunately, in that study, OFC growth 
curves immediately before or during the CT scan evaluation 
were not reported. This could have helped distinguish normal 
infants from patients who may have had early onset of EH or 
cerebral atrophy. Nonetheless, due to the benign nature of 
idiopathic external hydrocephalus [14], the differentiation be- 
tween EH and the mildly enlarged subarachnoid space occa- 
sionally found in normal infants is not as critical as the 
differentiation between EH and cerebral atrophy. 

A few other conditions must be considered when evaluating 
infants with an enlarging head and CT findings of a widened 
subarachnoid space with minimal or no ventricular dilation. 
These include malnutrition with “catch-up growth” [30], ste- 
roid therapy, and chemotherapy [31]. These conditions are 
all capable of producing reversible brain shrinkage in patients 
who may exhibit subsequent rapid head growth. Another 
group of patients that can present with a CT picture resem- 
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bling EH are infants with neurodegenerative diseases such as 
Canavan’s and Alexander's disease [32, 33]. These patients 
originally present with an enlarging head and CT picture of 
megaloencephaly, but may develop cerebral atrophy at a later 
age when they already have macrocranium. In this last group 
of patients, if the CT picture is obtained at a later age and the 
head circumference measurement is obtained without looking 
at the growth curve, the diagnosis of external hydrocephalus 
can be made erroneously. In all these cases, however, even 
though there may be an earlier history of a “large head” or of 
an enlarging head, at the time of the radiologic similarities the 
head growth has arrested and the CT appearance is that of 
cerebral atrophy. 

The pathophysiology of external hydrocephalus is poorly 
understood. The most widely accepted hypothesis is that it 
is caused by a defect of CSF absorption at the level of the 
arachnoid villi in the presence of open cranial sutures 
[2, 11]. An elegant study of CSF absorption in infants with 
idiopathic EH showed delayed absorption of CSF in the infants 
by means of isotope cisternography [34]. The isotope pattern, 
which included delayed absorption and CSF reflux into the 
fourth and lateral ventricles, was similar to that seen in 
communicating hydrocephalus, which led the authors to call 
this condition “external obstructive hydrocephalus.” Although 
this hypothesis may fully explain EH resulting from insults 
affecting the CSF pressure gradient at the level of the arach- 
noid villi, it does not fully explain why EH is often present in 
infants with primary megaloencephaly. When one combines 
the finding of this study with those of other reports [2-12], it 
appears that EH occurs in two major groups of patients. The 
first and largest group consists of infants with primary 
megaloencephaly, either in isolation or in the context of a 
known genetic syndrome affecting multiple systems. The 
second group consists of infants in whom a CNS (e.g., 
subdural hematoma and meningitis) or a systemic condition 
(e.g., increased venous pressure) results in decreased CSF 
absorption. An intriguing hypothesis would be that the syn- 
dromes associated with primary megaloencephaly had an 
associated delay in the maturation of the arachnoid villi, thus 
causing EH. 

Subdural hematomas and meningitis lead to the impairment 
of CSF absorption due to mechanical or inflammatory changes 
at the level of the arachnoid villi. While in some infants, and 
especially in older children with closed fontanelles, a com- 
municating hydrocephalus may develop after these insults [2, 
11], in the young infant with open sutures EH is a more 
common finding. In infants, increased venous pressure Caus- 
ing changes in CSF pressure gradient can result in both 
(internal) communicating hydrocephalus [35] and EH [2]. In 
adults, however, this same condition will usually cause pseu- 
dotumor cerebri [11, 35]. Interestingly, EH does not occur in 
children with closed fontanelles, and pseudotumor cerebri is 
not reported in children under 1 year old. Thus it appears that 
EH is an age-related phenomenon closely related to both 
(internal) communicating hydrocephalus and pseudotumor 
cerebri, and that the presence of open sutures is necessary 
for its development. Further studies, involving a much larger 
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population and a longer follow-up, may still be necessary to 
define the full spectrum of EH and to determine the develop- 
mental and anatomic factors that lead to its occurrence in 
this population. 
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CT of Cerebral 
Abnormalities in Precocious 
Puberty 





True precocious puberty occurs as a result of the premature release of luteinizing 
hormone-releasing hormone from the hypothalamus, which stimulates the secretion of 
the pituitary gonadotropins, which in turn stimulate the gonadal sex steroids. The 
differential diagnosis of true precocious puberty includes cerebral and idiopathic cate- 
gories. This differentiation, which cannot be made endocrinologically due to similarities 
in pituitary gonadotropin and sex steroid levels, may be facilitated by high-resolution 
CT. A CT study of 90 children (73 girls and 17 boys) with true precocious puberty was 
performed at the NIH to detect cerebral causes of their precocious puberty. Thirty-four 
cerebral abnormalities were demonstrated in 32 children, 16 boys and 16 girls. These 
included hypothalamic hamartomas (17), hypothalamic astrocytoma (one), optic chiasm 
lesions (six), ventricular abnormalities (eight), arachnoid cyst (one), and teratoma (one). 
The CT appearance of these cerebral abnormalities is discussed and related to the 
endocrinologic findings and natural history of true precocious puberty. A practical 
neuroradiologic approach to the evaluation of children with precocious puberty is 
presented. 


The onset of puberty coincides with the augmented nocturnal episodic pulsations 
of gonadotropins; specifically, luteinizing hormone (LH) and follicle-stimulating 
hormone (FSH). These pituitary hormone pulses are initiated by the release of 
luteinizing hormone-releasing hormone (LHRH) from the hypothalamus and result 
in gonadal sex steroid secretion, which causes the secondary sexual changes. By 
definition, puberty is “precocious” when sexual maturity begins before the age of 
8 years in girls and 9 years in boys. The diagnosis is based on clinical history and 
physical examination, and is generally confirmed by hormonal assay and radiologic 
evidence of advanced bone age. 

Precocious puberty is divided into two major categories, true or central preco- 
cious puberty and peripheral precocious puberty. The latter occurs with elevated 
levels of gonadal sex steroids independent of hypothalamic-pituitary activation. 
Peripheral precocious puberty may be secondary to congenital adrenal hyperplasia; 
McCune-Albright syndrome [1, 2]; familial male precocious puberty [3, 4]; neo- 
plasms of the ovary, adrenals, or testes; and tumors that secrete human chorionic 
gonadotropin ectopically. 

True precocious puberty is due to the premature release of pituitary gonadotro- 
pins. Clinically, this is associated with development of breasts, pubic hair, and 
menses in girls, and with testicular enlargement, pubic hair, and erections in boys 
[5, 6]. The bone age tends to be advanced, causing increased stature as a child 
and compromised adult height as a result of early epiphyseal closure. 

Associated with true precocious puberty is an increased prevalence of CNS 
abnormalities. The reported histologic diagnoses have included hypothalamic ha- 
martomas, gliomas, astrocytomas of the hypothalamic region, tumors of the pineal 
region, dysgerminomas, optic gliomas, and neurofibromas [7-27]. Although crani- 
opharyngiomas are more frequently associated with delayed puberty, they have 
also been reported with precocious puberty [28-30]. Also, several nonneoplastic 
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cerebral processes have been associated with precocious 
puberty, including postinfectious states, hydrocephalus, su- 
prasellar cyst, septooptic dysplasia, granuloma, head injury, 
tuberous sclerosis, and basilar artery aneurysm [31-36]. 

Owing to the anecdotal nature of case report data, it is 
probable that these observations include some coincidental 
associations. However, the clear increase in prevalence of 
CNS tumors together with their predilection for involvement 
of the hypothalamic region suggests a causal relationship. 
Moreover, the relatively high risk of detectable CNS abnor- 
malities, some of which may have serious neurologic conse- 
quences, necessitates the differentiation of cerebral versus 
idiopathic precocious puberty. Save for findings directly re- 
lated to the CNS lesions per se, cerebral and idiopathic cases 
are difficult, if not impossible, to distinguish clinically and 
endocrinologically. High-resolution cerebral CT facilitates this 
differentiation. This is a report of our experience at the NIH 
and a review of the literature. 


Material and Methods 


Patients referred to the NIH with a presumptive diagnosis of 
precocious puberty underwent sonographic, clinical, and endocrino- 
logic evaluation. Sonography of the adrenals and pelvis was used to 
exclude peripheral precocious puberty secondary to adrenal or ovar- 
ian neoplasm. Ovarian size was also helpful in establishing complete 
precocious pubertal maturation and in excluding premature thelarche 
or precocious adrenarche [37]. 

In our series, 90 children (73 girls, 17 boys) had true precocious 
puberty. Ninety patients were studied with cerebral CT using a third- 
generation scanner (GE 8800). Contiguous precontrast scans of 5- 
mm slice thickness were obtained from the base of the brain to the 
level of the third ventricle. This was followed by intravenous contrast 
injection (Hypaque 60% 2 ml/kg) and repeat scanning at 5-mm 
thickness with 2.5-mm overlap covering the same area, then 10-mm 
contiguous scans to the top of the head. Image reformatting into 
Sagittal and coronal planes was performed in the presence of abnor- 
mal axial CT scans. Children with abnormal cranial CT scans were 
followed at 6-month to 1-year intervals for 2 years after the initial 
study, and thereafter at 2-year intervals. 

Endocrine evaluation included measurement of basal pituitary go- 
nadotropins (LH and FSH), plasma estradiol, and testosterone. A 
Standard LHRH stimulation test was obtained to determine the peak 
LH and FSH response. Plasma 17-hydroxyprogesterone and 11- 
deoxycortisol were measured to diagnose congenital adrenal hyper- 
plasia. Human chorionic gonadotropin (HCG) levels were measured 
to exclude a tumor producing this hormone. Hormonal assays were 
run as previously described [38]. 


Results 


Clinically, breast development (Tanner stages 2-5) [39] 
was present in all the girls and pubic hair was present in 
some. Testicular development, 7-25 ml by Prader orchiodom- 
eter (greater than 6 ml is pubertal), and pubic hair (Tanner 
stages 2-5) were present in all the boys. Scant facial and 
axillary hair was present in many of the boys. Spontaneous 
erections had occurred in all cases. 

Endocrinologic evaluation documented increased plasma 
levels of pituitary gonadotropins, augmented nocturnal go- 
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nadotropin pulsations, and a pubertal response to the LHRH 
stimulation test (an increase in plasma LH that exceeded the 
increase in plasma FSH) [38]. 

Mean estradiol levels were elevated in the girls and testos- 
terone levels were elevated in the boys, ranging from 50 to 
1000 nanograms per deciliter. Plasma 17-hydroxyprogester- 
one and 11-deoxycortisol levels were normal in all but one of 
the children, who had coexistent 21-hydroxylase deficiency 
and central precocious puberty from a ventricular cyst. HCG 
levels were normal in all children. 

CT and sonographic examinations of the adrenal glands 
were normal in the first 50 cases. Only one child referred to 
the NIH had an abnormal adrenal CT scan, which was sec- 
ondary to a feminizing adrenal tumor [40]. 

Pelvic sonography in the girls documented postpubertal 
uterine and ovarian development. Uterine dimensions aver- 
aged 5.6 cm x 2.4 cm. Ovarian volume averaged 3.2-3.5 
cm’. 

Cerebral CT scan was obtained in all 90 children. Sixteen 
(94%) of the 17 boys and 16 (22%) of the 73 girls had cerebral 
abnormalities detected by CT scanning. 


Hypothalamic Masses 


Nine boys (53%) and 8 girls (11%) had lesions in the area 
of the tuber cinereum. CT revealed a mass equivalent in 
density to brain (30-40 Hu) located posterior to the infundib- 
ulum and optic chiasm and extending into the interpeduncular, 
prepontine, and posterior suprasellar cisterns. These masses 
showed no contrast enhancement (Fig. 1). One of the scans 
revealed calcification within the mass (Fig. 2). Sagittal and 
coronal reformatted scans in several cases revealed the pe- 
dunculated nature of these tumors (Fig. 3). In one girl, sec- 
ondary hydrocephalus was associated with the hypothalamic 
mass due to obstruction at the level of the cerebral aqueduct. 
The hypothalamic masses ranged in size from 0.5-3.5 cm, 
and 14 were smaller than 2.0 cm in diameter. Eleven of the 
17 tumors were discovered before the age of 3 years. The 
average age of presentation was 2.8 years, with a range of 6 
months to 8 years. On the average, girls presented slightly 
earlier (2.5 years) than boys (3.4 years). A tissue diagnosis of 
hamartoma was obtained in four patients. Neither growth nor 
regression of any of the masses was noted over follow-up 
periods ranging from 6 months to 4 years. 

One 2-year-old girl in our series had a 172-cm lesion in the 
region of the hypothalamus that resembled a teratoma and 
contained fat, calcification, and an area of soft-tissue density 
equivalent to brain, which demonstrated contrast enhance- 
ment (Fig. 4). This child also had a “prominent” pineal gland 
with minimal contrast enhancement. It is uncertain whether 
the pineal abnormality was present on the patient’s earliest 
scans, but neither area showed any change over a 2-year 
follow-up. 


Chiasmal Lesions 


Masses related to the optic chiasm and anterior hypothal- 
amus were seen in seven patients: five boys and two girls. 
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Fig. 1.—Nonenhancing soft-tissue mass (ar- 
row) of brain density in suprasellar cistern situ- 
ated between enhanced pituitary infundibulum 
and basilar artery. 


hancement is noted. 


Fig. 4.—Axial (A) and sagittal (B) CT scans 
demonstrate 1-cm mass containing fat, calcium, 
and enhancing soft tissue above dorsum sella in 
interpeduncular cistern, presumably represent- 
ing a teratoma. 


CT in all cases revealed a mass equivalent to or slightly 
greater than brain density before contrast. In two cases, 
calcification was present. All lesions demonstrated contrast 
enhancement. In five patients only a portion of the mass 
enhanced (Fig. 5) while in two patients enhancement was 
homogeneous (Fig. 6). The masses partially or completely 
filled the suprasellar cisterns. One extended superiorly to 
involve the septum pellucidum and one involved the optic 
nerve unilaterally. Sagittal and coronal reformatted images 
were helpful in distinguishing the parachiasmal and hypo- 
thalamic location of the masses (Fig. 7). Secondary hydro- 
cephalus occurred in three patients with obstruction in the 
region of the foramen of Monro. Visual symptoms preceded 
the development of precocious puberty in all but two cases. 
Radiation therapy (4500-5000 R) had been given in three of 
the seven cases before the onset of sexual precocity. The 
onset of puberty in these cases was later than in children with 


Fig. 2.—Biopsy-proven calcified hypothalamic 
hamartoma compresses third ventricle. No en- 


Fig. 3.—Baseline sagittal reformation of axial 
image reveals pedunculated mass originating in 
hypothalamus (arrowheads). 





hypothalamic hamartomas, and ranged between 3 and 9 
years with an average of 6.5 years. Four of the seven masses 
were surgically proven to be optic gliomas. Two of these, one 
boy and one girl, had neurofibromatosis. 

Follow-up scans ranging from 6 months to 2 years were 
obtained in four patients. In one patient with neurofibroma- 
tosis, growth of the mass was noted (Fig. 8), whereas the 
others remained stable. 


Ventricular and Cisternal Abnormalities 


Abnormalities related to the ventricles and subarachnoid 
cisterns were present in nine cases. Eight had hydrocephalus, 
three of which required shunting. Five, three girls and two 
boys, had secondary hydrocephalus due to obstruction in the 
region of the third ventricle or cerebral aqueduct from optic 
gliomas (two cases), hypothalamic hamartoma, hypothalamic 
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Fig. 5.—A, Lesion involving optic chiasm shows area of enhancement adjacent to eroded right Fig. 6.—Homogeneous contrast enhance- 
anterior clinoid process. ment of lesion filling suprasellar cistern and in- 
B, Scan at higher level with mass in chiasmal region of suprasellar cistern. volving optic chiasm. 


Fig. 7.—A, Astrocytoma grade 1 involving hy- 
pothalamus shows contrast enhancement 
around area of low attenuation. 

B, Sagittal reformation places lesion inferior 
to third ventricle. 


Fig. 8.—A, Minimal contrast enhancement in 
lesion lying anterior to infundibulum and involv- 
ing optic chiasm in patient with neurofibromato- 
sis. 

B, Comparable scan 9 months later estab- 
lishes growth of mass with further enhancement 
along right anterior margin. 
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Fig. 9.—A and B, Arnold-Chiari II malformation in girl with precocious puberty. Prominent caudate nuclei indent frontal horns of asymmetrically dilated 
lateral ventricles with absent septum pellucidum. Prominence of massa intermedia and widened tentorial hiatus are present, as is midbrain asymmetry. 





Fig. 10.—Enlargement of suprasellar and prepontine cisterns with “squaring” 
of borders in child with biopsy-proven suprasellar arachnoid cyst and precocious 


puberty. 


astrocytoma, or third-ventricular cyst, respectively. Three girls 
had Arnold-Chiari type Il malformations (Fig. 9), one with 
associated encephalocele. One additional patient had a ca- 
vum septum pellucidum, and one girl had a suprasellar sub- 
arachnoid cyst (Fig. 10). The onset of precocious puberty in 
this group ranged from 18 months to 10 years, averaging 5.1 
years. One patient had bizarre ventricular abnormalities and 
a history of a previously resected third-ventricular cyst (Fig. 
19). 


Discussion 


Fundamentally, this series reiterates the increased preva- 
lence of CNS tumors in patients with precocious puberty and 
indicates the need for cerebral CT in their work-up. The 
prognostic and therapeutic implications of a CNS lesion de- 
pend on its location and histology. 


Fig. 11.—Hydrocephalus and arachnoid cyst with suprasellar calci- 
fication in child with previous history of resection of “cyst on the third 
ventricle.” 


Hypothalamic Hamartoma 


Hypothalamic hamartomas are foci of ectopic gray matter 
containing neurons, fiber bundles, and glial cells in appropriate 
proportion, originating in the posterior hypothalamus between 
the tumor cinereum and the mammillary bodies. Rarely, cal- 
cifications may be found within the hamartoma [33] as in one 
of our cases. The tumors range in size from several millimeters 
to several centimeters, but are usually smaller than 2 cm. 
Most often, the hamartomas are attached by a pedicle to the 
hypothalamus. They may arise, however, from the floor of the 
third ventricle, or may lie free in the interpeduncular fossa [7- 
25]. Slow growth has been described in these tumors [14], 
but this has not been our experience. No change in the size 
of the hamartomas or new neurologic abnormalities were 
noted with follow-up to 4-5 years. Other series have reported 
no change in follow-ups of up to 11 years [25-27]. 
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Although hypothalamic hamartomas usually result in sexual 
precocity alone, neurologic signs, including gelastic seizures, 
may result from obstructive hydrocephalus or compression of 
adjacent structures by the larger tumors [15]. 

Hypothalamic hamartomas occur in both sexes, but are 
Statistically more common in males, accounting for 58-64% 
of cases [3, 18]. In our series, nine (53%) of 17 males and 
eight (11%) of 73 females had a hypothalamic hamartoma. 
Usually, the onset of puberty occurred before the age of 3 
years. The true incidence of hypothalamic hamartomas is not 
known, as these lesions may be asymptomatic. Likewise, the 
percentage of hamartomas presenting as precocious puberty 
is not known. 

Surgical treatment of hypothalamic hamartomas remains 
controversial. Results of craniotomy have been reported in 
10 patients, with partial removal of hamartomas in nine, and 
total removal in one [8, 11, 13, 14, 19-21]. Adjunctive radio- 
therapy was administered in two cases and hormonal sup- 
pressive treatment in seven [13, 21]. Five cases had slowing 
of sexual maturation with transient decrease in pituitary go- 
nadotropin and sex steroid levels. However, only one case 
has been reported in which total reversal of symptoms was 
noted after surgery [21]. Three children died after craniotomy 
for hypothalamic hamartomas [14, 22]. In our series, four of 
17 patients have had craniotomy and biopsy of hamartoma 
without significant morbidity and no mortality, but with no 
change in symptomatology and with continued pubertal mat- 
uration. The diagnosis of hamartoma is sufficiently specific on 
CT to eliminate the need for biopsy confirmation. Longer-term 
follow-up in association with a benign clinical course is essen- 
tial to document the apparently benign nature of this process. 


Chiasmal Lesions 


Gliomas of the optic chiasm and hypothalamus may be 
associated with neurofibromatosis [34], as in two of our 
cases. These tumors are more commonly present in children, 
with boys being more often affected. This was similar to our 
results, as five boys and only two girls had this diagnosis. 
When gliomas are associated with precocious puberty, the 
onset of puberty is generally later than with hypothalamic 
hamartomas, 5.4 years for gliomas compared with 2.8 years 
for hamartomas. Three of our seven patients underwent 
radiation before the onset of precocious puberty. Complete 
surgical resection of optic glioma or hypothalamic astrocy- 
toma is not possible, and neither partial resection nor radiation 
therapy appears to affect the course of the sexual precocity. 
However, specific diagnosis of tumors related to the optic 
chiasm may be important, as suprasellar germinomas, which 
may resemble optic gliomas and cause precocious puberty, 
are radiosensitive tumors [26]. Serum hCG should be meas- 
ured in such patients because of the observation that ectopic 
hCG production is the mechanism of precocious puberty in 
many CNS germinomas [41]. A clinical differential finding 
may be the frequent association of diabetes insipidus ir 
germinomas. 

One patient with neurofibromatosis and an optic glioma 
showed tumor growth on follow-up scanning over a 2-year 
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period. In this child, no significant change was noted in visual 
acuity, visual fields, or on neurologic examination. 


Ventricular, Cisternal, and Miscellaneous Cerebral 
Abnormalities 


CT scanning in this group clearly depicted the CSF spaces. 
The incidence of Arnold-Chiari II malformations in our series 
was unexpected and has not been previously reported. No 
change in CT appearance in this group was noted on subse- 
quent examinations. Shunting of the ventricles and subarach- 
noid cyst had no demonstrable endocrinologic effect. 

Curiously, only one of our patients had demonstrable ab- 
normality in the pineal region, considering the relative fre- 
quency of pineal abnormalities reported in the literature in 
association with precocious puberty [13, 41]. 

Eight of the 58 children with presumed idiopathic true 
precocious puberty underwent repeat CT examinations 1 year 
after the initial examination. No CT abnormalities were found 
in this group. 

The association between precocious puberty and CNS 
tumors along with their propensity to involve the hypothalamic 
pituitary axis suggests a causal relationship between the CNS 
lesion and the precocious puberty. However, the pathophys- 
iology of precocious puberty remains controversial and a 
detailed discussion is beyond the scope of this report. The 
reader is referred to the excellent review by Balaguera et al. 
[13]. In brief, cells containing LHRH occur in the region of the 
anterior hypothalamus and preoptic area as well as in the 
area of the tuber cinereum and arcuate nuclei. Mechanical 
pressures from tumors may interfere with the function of the 
diencephalon via interruption of the pathways that normally 
(in prepubertal children) inhibit the production of pituitary 
gonadotropins from the median eminence, considered to be 
the site responsible for the onset of puberty [13]. Another 
theory is that the tumors mechanically stimulate the LHRH 
center [11]. In the case of hypothalamic hamartomas, the 
demonstration of neurosecretory granules in the tumor has 
lead to the postulate that the hamartoma itself may produce 
LHRH [8]. 

Some information about the natural history of precocious 
puberty is available. In a Mayo Clinic study [23] of 96 children 
(72 girls and 24 boys), five boys and 54 girls were thought to 
have idiopathic precocious puberty and were followed for 
periods ranging from 8 to 29 years. All patients in this group 
remained in good health. In the same study, among 15 boys 
with cerebral causes of precocious puberty, three died. The 
diagnoses in these cases were pinealoma, hypothalamic ter- 
atoma, and basilar artery aneurysm. Only two of the 15 boys 
with cerebral causes were self-sufficient as adults. Four of 
the 18 girls with cerebral causes of precocious puberty died. 
Their diagnoses included hypothalamic astrocytoma and cys- 
tinosis. Two died from unknown causes. Of the 14 remaining 
girls, 11 had problems secondary to the brain abnormalities. 
In this series, it is noteworthy that none of the “expanding” 
lesions of the hypothalamus were thought to be hamar- 
tomas, and none of the patients who died had hypothalamic 
hamartomas. 
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Medical Therapy 


Medical therapy of precocious puberty has included antag- 
onizing the effects of sex steroid with antiandrogens or sup- 
pressing gonadal secretion with progestins. Neither has been 
particularly successful. Recently, daily administration of syn- 
thetic analogues of LHRH have met with success in treating 
this disorder [38, 42]. The LHRH analogues initially stimulate, 
but later suppress, pituitary gonadotropin release by a pre- 
sumed mechanism of uncoupling pituitary stimulation and 
response. At this time, this mechanism is not understood. 
The majority of our patients are receiving an LHRH analogue 
with a treatment duration from several months to 4 years. 
This treatment has normalized the hormonal levels and 
caused regression of the secondary sexual characteristics in 
many cases. The rapid linear growth and bone-age maturation 
have reverted to normal prepubertal rates among those re- 
ceiving LHRH analogue therapy [43]. Additionally, no change 
in the CT appearance of the cerebral abnormalities has been 
detected in approximately 4 years of LHRH analogue admin- 
istration. 

In the absence of CT, it is difficult to distinguish idiopathic 
from cerebral causes of true precocious puberty. However, 
in children with onset of symptoms before 2 years of age, 
and in girls with unusually early menstruation, cerebral pa- 
thology is likely. A recent report of young girls with hypo- 
thalamic hamartoma [27] is substantiated by our experience. 
Boys, in general, have a much higher incidence of CNS 
abnormalities. Only one case in our series had idiopathic 
precocious puberty. 


Conclusions 


Based on our experience, a reasonable neuroradiologic 
approach to patients with precocious puberty would include 
high-resolution CT scan, before and after intravenous contrast 
material, to exclude cerebral causes in all children with true 
precocious puberty. Cerebral causes of precocious puberty 
are particularly likely in children presenting earlier than age 3 
years. If the head CT is normal, no additional scanning is 
necessary and idiopathic precocious puberty is presumed. In 
those patients in whom a hypothalamic mass is discovered, 
no additional scans are needed unless a change in symptoms 
occurs, as these tumors, presumably hamartomas, do not 
show growth. Patients in whom CT suggests optic gliomas 
and hypothalamic astrocytomas require careful clinical follow- 
up and serial CT examinations to detect tumor growth. The 
demonstration of primary or secondary hydrocephalus may 
require shunting with sequential scanning dependent upon 
Clinical outcome. 

LHRH analogues, although effective in controlling the en- 
docrine consequences of precocious puberty, do not appear 
to affect the CT scan appearance, regardless of cerebral or 
idiopathic origin. 
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Outpatient Peripheral 
Angioplasty: Survey of 
Complications and Patients’ 
Perceptions 





We report our experience with a total of 79 peripheral angioplasties performed in 64 
patients on an outpatient basis between July 1983 and April 1985. Review of the medical 
files and a telephone inquiry in 58 subjects (72 angioplasties) revealed no major 
complications, a low rate of minor complications (1.5%), and a high degree of patient 
satisfaction (99%). 


Recent publications reflect a growing interest in outpatient invasive radiology [1- 
6]. All these studies have shown low rates of complications. The present report 
attempts to estimate the risks of outpatient peripheral angioplasty and the patients’ 
perceptions of this procedure. 


Subjects and Methods 


Outpatient percutaneous transluminal angioplasties (PTA) were performed in 64 patients 
between July 1983 and April 1985. Six patients were lost to follow-up; 58 patients in whom 
72 PTAs were performed in 66 sessions underwent complete follow-up. The mean age of 
the 58 patients (52 men and 6 women) was 57 years (range, 33-75). 

In this study, each PTA session is considered as a separate event for statistical purposes. 
Most of the 58 patients under study suffered from associated conditions. In the 66 PTA 
sessions, atherosclerotic heart disease was present in 70% (46/66), systemic hypertension 
in 42% (28/66), and diabetes mellitus in 14% (9/66), while hyperlipidemia was encountered 
in 11% (7/66), and mitral valve disease and oral anticoagulotherapy in 5% each (3/66). 

During these 66 outpatient visits, angioplasties were attempted on 72 arterial segments 
with an immediate success rate of 93%. Six patients had multiple PTAs performed at different 
arterial sites, four of them in two different sessions and two of them in three different sessions. 
For those multiple dilatations, the mean time interval between procedures was 1.25 months. 
Sixty-five stenoses and seven occlusions (involving 44 iliac segments, 24 superficial femoral 
segments, one popliteal segment, one femoropopliteal-bypass graft lesion, and two discrete 
stenoses of the lower abdominal aorta) were treated. The dilatation catheters used ranged in 
external diameter from 5 to 9 French, with inflated balloon diameters varying from 5 to 15 
mm and balloon lengths from 3 to 12 cm. The femoral and axillary approaches were used in 
60 and six cases, respectively. 

The standard preangioplasty diagnostic evaluation included a medical history, physical 
examination, routine laboratory tests, arteriography, and a complete Doppler sonography. 
Velocity wave-form recordings were obtained from the common and superficial femoral, 
popliteal, posterior tibial, and dorsalis pedis arteries bilaterally, with measurement of systolic 
pressure ankle/brachial index (A/BI) at rest. All angioplasties were performed as second- 
stage procedures days or weeks after diagnostic arteriography. In all patients, indications for 
PTA were moderate to severe intermittent claudication of the limbs. No procedures were 
performed in patients presenting with rest pain, infected ischemic changes, or gangrene. 

Patients were referred to our department on an outpatient basis after careful screening by 
a vascular surgeon or cardiologist, and a team decision was made in conjunction with the 
radiologist. To be accepted for outpatient PTA, patients had to be cooperative and in stable 
health. Mild to moderate hypertension was not considered a contraindication. 

Several days, or even weeks, before the scheduled date of angioplasty, each patient 
received a full double-sheet of written information and instructions that explained in simple 
language the procedure itself and how to prepare for it. They were instructed about fasting, 
shaving of the groin or axilla, and medication; they were informed that they would have to 
arrange transportation home by car and that a reliable person should stay with them the first 
night after the procedure in case of an emergency. 


Antiplatelet therapy was begun 48 hr before angioplasty and was 
continued for 3 weeks afterward in all patients except those already 
on oral anticoagulant therapy for cardiac valvular prostheses. PTAs 
were performed as previously described [7, 8]. Informed consent was 
obtained in all cases. Intraarterial heparin (5000 units) was given 
routinely at the beginning of the procedure; appropriate amounts of 
protamine sulfate were administered at the end of the procedure. At 
the completion of each angioplasty, local compression was applied 
for at least 20 min. 

After the procedure, each patient was transferred to the observa- 
tion area of our department where standard postangioplasty care 
was given for 4-6 hr. If blood pressure, local and distal pulses, and 
general condition remained satisfactory, the patient was given oral 
and instructions written in lay terms to be followed for the next 24 
hr. The patient was then discharged and sent home with the instruc- 
tions, which especially explained the immediate management of 
bleeding at the puncture site. The patient was also instructed to call 
the hospital or to come back to the emergency room should either 
bleeding at the puncture site or pain or coldness of the limb occur. 
They were also advised to limit their activities for the rest of the day, 
to resume walking the next day, and to begin normal activities after 
the second day. If any complication was suspected, the patient was 
admitted to the hospital for observation and treatment. 

Each patient was scheduled for an appointment 2-4 weeks after 
PTA so that they could be questioned and reexamined by the 
radiologist who had performed the procedure. A postangioplasty 
Doppler sonographic evaluation was performed in the same way as 
the preangioplasty examination, including measurement of the new 
A/BI at rest. 

For the present study, we reviewed the patients’ files and then 
conducted a telephone inquiry (Table 1). 


Results 

A retrospective review of the patients’ medical records 
done in April-May 1985 revealed that no major complication 
had occurred within 30 days after angioplasty. Only one 
patient required hospital admission, and that patient was 
admitted to exclude a false aneurysm at the puncture site. 
The minor-complication rate was 1.5%. 

The results of the telephone inquiry are given in Table 1. 
Eleven percent of the patients telephoned the radiologist or 
their family physician, usually days later, for reassurance. 
Those who did not promptly resume their normal activities 
could not do so because of concomitant disease (particularly 
coronary artery disease). 


Discussion 

This survey shows that PTA of peripheral arteries can be 
performed safely on an outpatient basis, even in a high-risk 
population of patients who have a high frequency of other 
diseases, especially coronary heart disease. Careful selection 
of patients based on specific guidelines is necessary to avoid 
undue risk. The results of this study indicating a low compli- 
cation rate in outpatient arteriography agree with those in the 
literature [1-6, 9]. Wilde [9] did not report any complications 
in 64 outpatient femoral arteriograms. For outpatients studied 
by Giustra and Killoran [2], only three complications occurred 
during or immediately after the procedure, and no delayed 
complications occurred. 

In our study, only five small ecchymoses were reported 
during follow-up and no major bleeding or arterial thrombosis 
was encountered, even when large-diameter balloons and 
catheters up to 9 French were used. Fortunately, most of the 
PTA balloon catheters commercially available today are in the 
7-French range, thus minimizing the risk due to the size of 








TABLE 1: Results of Telephone Survey 


Question 





1. Would you have preferred to be hos- 

pitalized to undergo this proce- 

dure? 25 75 
2. Was the time spent in the hospital on 

the day of the procedure very tir- 

ing? 23 77 
3. Once back home, did you experience 

any trouble or pain limiting your ac- 

tivities? Fi 93 
4. Did any swelling or red-and-blue 

spots occur at the puncture site 

during the following days? 9° 91 
5. Did any bleeding occur at the punc- 

ture site during the evening or the 

night following the procedure? 0 100 
6. Did you have to call a physician or go 

to a hospital emergency room for 


any of these problems? 11 89 
7. Were you satisfied with this way of 

proceeding? 99 1 
8. Have you resumed your work since 

the procedure? 82 18 

After how many days? a i 





Note.—Percentages are based on the total number of patients surveyed 
(58). 

a Five minor ecchymoses. 

> Average. 


the catheter. The axillary approach did not lead to more 
complications than the femoral approach. The only patient 
hospitalized was one with a suspected false aneurysm, which 
was later ruled out. 

A telephone inquiry is subjective, but ours showed that 
most of the patients were satisfied with outpatient PTA. Since 
outpatient angioplasty procedures are not dependent on the 
availability of hospital beds, the procedure can be done 
promptly. Outpatient PTA is also cost-effective. 
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Commentary 


Has the Time Come for Outpatient Peripheral Angioplasty? 


Helen C. Redman’ 


The need to contain the escalating cost of medical care 
has led to widespread thoughtful reevaluation of the way in 
which many procedures are performed. Lemarbre and her 
colleagues [1] at the Montreal Heart Institute have been 
performing peripheral angioplasties on selected outpatients 
since July 1983. No serious complications occurred in their 
series of 72 angioplasties performed in 58 patients (six addi- 
tional patients were lost to follow-up). Patient acceptance of 
the outpatient procedure was good, although 25% would 
have preferred to have been hospitalized and 23% found the 
long day at the hospital tiring. The authors do not discuss the 
costs of outpatient angioplasty at their institution, but a 6- to 
8-hr outpatient procedure is significantly less expensive than 
the same procedure performed during a hospital stay of 24- 
96 hr. In addition, a hospitalized patient who is employed 
undoubtedly bears the added expense of additional days 
away from work. Do we have enough evidence to recommend 
the widespread use of outpatient angioplasty, or does this 
procedure carry a risk that is too great for such short-term 
close observation? 

Another paper dealing with outpatient angioplasty was 
published in 1983 by Manashil et al. [2]. These authors began 
doing outpatient angioplasty in 1980 as part of a cost-con- 
tainment effort of the Kaiser Permanente Medical Care Pro- 
gram. Eighty-one angioplasties were performed in 75 patients. 
Three of the procedures were renal angioplasties; the remain- 
der were peripheral procedures. Thirty-nine were done for 
occlusion of the superficial femoral artery. Three complica- 
tions were reported, including two immediate reocclusions 
and one local reaction to contrast medium. In this series, the 
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diagnostic angiogram was performed at the same time as the 
therapeutic procedure. These authors state that hospitaliza- 
tion would not have affected the outcome in any of their 
patients. They encountered no delayed sequelae of the pro- 
cedure. 

Both of these series emphasize the need to screen patients 
before performing outpatient angioplasty. Manashil et al. [2] 
state that the patients were well informed and well moti- 
vated; the patients were carefully evaluated by a vascular 
surgeon before the diagnostic angiogram. The diagnostic 
examination was immediately reviewed with the vascular 
surgeon in order to reach a decision about therapy. The 
patients in the study by Lemarbre et al. [1] were even more 
thoroughly screened and prepared for the angioplasty. A 
complete vascular workup was obtained on all patients, most 
of whom had associated medical problems such as hyperten- 
sion, cardiac disease, or diabetes mellitus. The patients were 
evaluated for ability to cooperate. Some days before the 
angioplasty, the patient received written information about 
the procedure and instructions to follow before and after the 
angioplasty. An additional instruction sheet was provided 
before the patient’s discharge. In each group, one patient 
was admitted to the hospital some hours after the procedure. 
One patient had a reaction to contrast medium and was 
admitted 18 hr after angioplasty [2]; the other was admitted 
for a possible pseudoaneurysm at the puncture site, which 
was quickly ruled out [1]. The danger of outpatient angio- 
plasty lies in such delayed complications and in the patients’ 
ability to recognize the problem and obtain emergency care. 

The incidence of delayed complications of angioplasty is 
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not readily available from the radiologic literature. However, 
most complications are recognized during the procedure or 
during arterial compression at the end of the angioplasty. A 
recent article by Gardiner et al. [3] on the complications of 
angioplasty reports 59 complications in 53 patients out of a 
series of 453 angioplasties in 352 patients. Most of these 
complications occurred during the procedure, including im- 
mediate thrombosis at the angioplasty site, subintimal pas- 
sage of catheters or guidewires, vascular perforation or rup- 
ture, and distal emboli. Puncture-site complications occurred 
20 times. The timing of these complications is not indicated. 
Most were hematomas that probably occurred during or 
immediately after the procedure. The three femoral throm- 
boses also most likely occurred during the procedure or 
during arterial compression after the procedure. The single 
pseudoaneurysm was undoubtedly recognized sometime 
later. Complications that can occur 6-8 hr after the procedure 
are the greatest concern in outpatient angioplasty. In this 
series [3], one hematoma, the pseudoaneurysm, and all three 
femoral thromboses required further surgical or radiologic 
intervention. The final serious complication in this series was 
renal failure, which occurred in three patients who had had 
renal angioplasty. The recognition of this problem would 
necessarily occur some time after angioplasty. As might be 
expected, the complication rate was highest in the popliteal 
and tibial procedures and lowest in iliofemoral procedures. 
Though 3% of these patients required surgery for complica- 
tions, only the pseudoaneurysm (0.3%) was probably a de- 
layed finding. 

The occurrence of delayed complications is even more 
difficult to evaluate in other series. In 1983, Zeitler et al. [4] 
reported a 2.3% rate of complications that required surgery 
in 2942 iliofemoral angioplasties. The timing of these compli- 
cations is not mentioned. Doubilet and Abrams [5] reported 
an overall complication rate of 2.3% in 1191 iliofemoral angio- 
plasties, including two deaths from hemorrhagic shock. He- 
matomas requiring transfusion or surgery and embolization 
were the most serious complications. In 1985, van Andel et 
al. [6] reported a 2% complication rate in 154 iliac angioplas- 
ties. One of these was a false aneurysm. Hewes et al. [7] 
reported eight complications in 137 superficial femoral angio- 
plasties. Three were embolic complications that responded to 
heparin. One of three thrombotic complications required sur- 
gery, while two significant hematomas responded to conserv- 
ative therapy. 

The complications of diagnostic angiography cannot be 
used to evaluate the risks of outpatient angioplasty because 
the catheters used are different. However, a 1972 paper by 
Green et al. [8] may provide some useful information. Coro- 
nary arteriography was performed with 8-French polyurethane 
catheters in 445 patients. Delayed hemorrhage occurred in 
nine patients 1-12 hr after the procedure. Seven of these 
patients had been studied as outpatients and bled when they 
began walking. None of these patients were hypertensive; 
two were undergoing anticoagulant therapy. 

From these data, it appears that, with improved catheters 
and increased experience with angioplasty, the complication 
rate is about 2-3%. Most complications occur during or 
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immediately after the procedure. The primary delayed com- 
plications include bleeding and pseudoaneurysm. Delayed 
thromboses at the angioplasty site or at the femoral puncture 
site, delayed reaction to contrast medium, contrast-induced 
renal failure, and development of a femoral arteriovenous 
fistula are all possible problems. Only bleeding at the puncture 
site and the rare delayed reaction to contrast medium are 
immediately life-threatening complications. We assume the 
latter risk daily by doing outpatient urograms. A cooperative 
and motivated patient who does not live alone can be in- 
structed on the proper emergency measures to take should 
bleeding occur. The patient can also be instructed to recog- 
nize the signs of other complications and can then seek phone 
or emergency room consultation. 

Therefore, although careful screening is mandatory, out- 
patient iliofemoral angioplasty should have a place in the 
current practice of interventional radiology. Patients must be 
cooperative and motivated, and must provide a responsible 
person to stay with them after the procedure. Should any 
problem arise, hospitalization must be available and accept- 
able to the patient. The availability of emergency care must 
be fully understood by the patient because there will be an 
occasional serious delayed complication. | am less confident 
about outpatient angioplasty of the renal arteries and the 
popliteal and tibial arteries. Blood-pressure control may be 
difficult after renal angioplasty, especially if hydration is not 
adequate, and renal failure is also more likely in these patients. 
The complication rate for popliteal and tibial procedures is 
high enough that routine hospitalization would still seem 
warranted. 

In many clinical situations, inpatient angioplasty will be the 
most appropriate choice. Short admissions of 18-24 hr may 
suffice for simple angioplasties in patients who live far from 
medical assistance or who lack the necessary motivation. The 
outpatient alternative should be considered only when ideal 
circumstances exist. The financial savings are real, but these 
must be balanced carefully against the risk factors present in 
each patient. 
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Emergency Trauma 
Angiography: Accuracy, Safety, 
and Pitfalls 





The accuracy, safety, pitfalls, and limitations of trauma angiography were determined 
by comparing the findings of 280 arteriograms performed for suspected arterial trauma 
with the patients’ surgical findings and clinical courses. Trauma angiography was 
accurate, with a sensitivity for detecting major arterial injury of 98.3%, specificity of 
98.5%, positive predictive value of 95.0%, and negative predictive value of 99.5%. 
Angiography was effective in eliminating the need for surgical arterial exploration in 203 
cases (73%). These emergency procedures were associated with a 5% morbidity; all 
complications were minor. Sixteen percent of the studies were technically compromised. 
Common factors included poor vessel opacification with aortic contrast injection, over- 
penetrated films, mistimed lower extremity studies, and overlapped structures obscuring 
the vessels. In most cases, the field of study can be limited to a region 5 cm beyond 
the most distant fracture fragment, bullet fragment, and entrance or exit wound. 

Emergency trauma angiography is an ideal technique for evaluating injured patients 
with suspected arterial trauma. It is safe to perform and accurately separates patients 
who may be spared surgical exploration from those who require vascular intervention. 


As the incidence of civilian trauma increases and the means of surgical vascular 
repair improve, the need for accurate detection of patients with major arterial injury 
rises [1-6]. Currently, angiography is the primary tool for screening hemody- 
namically stable trauma patients who have suspected vascular injury [6-10]. The 
purpose of this study was to ascertain the accuracy and safety of trauma angiog- 
raphy and to determine technical factors that may optimize arterial examination. 


Materials and Methods 


During the 7 years ending December 31, 1985, 300 angiograms were performed at the 
Denver General Hospital on 297 acutely injured patients with suspected arterial injury. Blunt 
decelerating chest trauma was excluded for separate review. Available charts (279) and 
angiographic studies (246) were reviewed for mechanism of injury, physical findings, angio- 
graphic features, surgical reports, and clinical follow-up. (For one patient included in the study, 
angiographic results were available, but no chart could be found.) 

The mean age of the patients was 31.8 years (range, 3-90); 248 (89%) were male. Mean 
length of hospitalization was 13.4 days (range, 1-187), mean follow-up period was 8.3 months 
(range, 1 day to 82 months), and mean number of follow-up visits and readmissions was 4.5 
(range, 0-46). 

Of the total 300 angiograms, the mechanism of injury was gunshot wound in 163 (54%) 
(nine were shotgun injuries), laceration in 51 (17%), blunt trauma in 82 (27%), and other 
mechanisms in four (1%). The latter included two complications of cardiac catheterization, 
one degloving injury, and one near-amputation. Angiography showed a major arterial injury 
in 28% (77/280) of all reviewed cases. 

Standard Seldinger technique and conventional cut film were used for all angiographic 
studies. Access was via the axillary artery in one patient who had on inflated military antishock 
trousers. The femoral artery was used for all other cases. Studies performed during working 
hours were done by a radiology resident and a faculty angiographer. Studies performed after 
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working hours were done by a senior radiology resident; a faculty 
angiographer was available if necessary. 

Major vessels were defined as the mainstream flow to distal beds. 
These included the brachiocephalic vessels; axillary, brachial, iliac, 
femoral, and popliteal arteries; the trifurcation vessels of both upper 
and lower extremities; the main and segmental renal arteries; and 
primary pelvic arterial branches. The deep femoral artery was included 
with minor vessels. Major arterial injury was categorized as a major 
vessel affected by a major angiographic abnormality. All other injury 
combinations were classified as minor. 

Major angiographic abnormalities were defined as occlusion of the 
lumen, the presence of a filling defect within the opacified lumen, 
formation of a pseudoaneurysm, formation of an arteriovenous fistula, 
and extravasation of contrast medium into a contained hematoma or 
along soft-tissue planes. Minor angiographic abnormalities were de- 
fined as narrowing of the arterial lumen, deviation of the arterial 
course, and slowed arterial flow. 


Results 
Surgical Correlation 


Surgical exploration of the involved arteries was performed 
in 77 patients (Table 1), including 60 of 77 patients noted to 
have a major angiographic abnormality. In 56 (93%), the 
results of surgical exploration concurred with the angiographic 
finding. In four (7%), the surgical and angiographic findings 
did not agree. 

Three examinations had false-positive results. One patient 
with occlusion of the popliteal artery by angiography had 
normal arteries on surgical examination. The clinical signs and 
symptoms of compartment syndrome in this case were cor- 
roborated by the surgical finding of bulging, ischemic muscles. 
After a fasciotomy was performed, the pulses returned, and 
an intraoperative angiogram showed patency of the popliteal 
and trifurcation vessels. Two patients had intraluminal filling 
defects interpreted at first as probable intimal flaps. At sur- 
gery, these arteries were externally normal, though arteriot- 
omy for direct inspection of the intima was not performed [4, 
11, 12]. In retrospect, one defect was probably a laminar-flow 
artifact; it had a longitudinal orientation and fluctuating mor- 


TABLE 1: Agreement Between Surgical Exploration and 
Trauma Angiography 





Exploration Performed’ 
(n = 77) No 


No. of i 
) i Exploration 


Angiography Angiography 


Angiographic 
Findings 


Major abnormality 77 56 (93) 4 (7) 17 
Minor abnormality 95° 13 (93) LEUT 82 
Normal findings 108 4 (100) 0 (0) 104 





* One patient was tabulated twice. He had both an occlusion of the anterior 
tibial artery confirmed surgically (major abnormality, agreed with angiography) 
and a severely narrowed segment of the posterior tibial artery that was 
discovered to contain an intimal flap at exploration (minor abnormality, dis- 
agreed with angiography). Numbers in parentheses are percentages of totals 
of explorations performed in the category designated. 
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phology. The other patient has had neither symptoms nor 
signs of vascular compromise on clinical follow-up. 

One examination had false-negative results. At angiogra- 
phy, the patient had occlusion of the anterior tibial artery and 
poor filling of the posterior tibial artery due to a long segment 
of severe irregular luminal narrowing. At surgery, a 2-cm 
segment of contused posterior tibial artery was resected, and 
an end-to-end anastomosis performed. Sectioning of the sur- 
gical specimen showed an intimal-flap injury. 

Seventeen patients had major abnormalities on angiogra- 
phy but did not have surgical exploration. Five had renal 
arterial injuries; three were treated conservatively, and two 
had transcatheter embolization. One case that involved hem- 
orrhage of a pelvic artery was treated with embolotherapy. 
Three patients with intimal flaps and one with a pseudoaneu- 
rysm have been followed clinically. Six patients had occlusion 
of a trifurcation vessel in the calf, with at least one remaining 
patent artery to a nonthreatened foot. One patient with injury 
to all trifurcation vessels of the calf underwent wound debride- 
ment without vascular repair; 1 month later a below-the-knee 
amputation was performed because of infection. 

Of the patients with minor angiographic abnormalities, 82/ 
95 (86%) did not undergo surgical exploration. Negative find- 
ings on exploration confirmed the angiographic diagnosis in 
13. Only four patients with normal arteriograms underwent 
surgical exploration. The arteries were normal in all four, 
although significant adjacent venous injury was found in three. 
No subsequent arterial problems were found on clinical follow- 
up in those patients who had normal vessels or minor arterial 
abnormalities on angiography. 

Table 2 summarizes the likelihood of major vascular injury 
being present when a major angiographic abnormality was 
noted. Calculated measures of angiographic accuracy are 
shown in Table 3 [13, 14]. 


Complications 


Thirteen angiographic complications occurred in the 279 
patients whose charts were retrievable, for a complication 
rate of 5%. Small hematomas in the groin accounted for 10 
(4%); none required blood transfusion or surgical intervention. 
A subintimal dissection of the common femoral artery at the 


TABLE 2: Agreement Between Emergency Angiography and 
Clinical Outcome 





Major Vascular 


Criterion Injury 
Present Absent 

Surgical correlation alone 

Major angiographic abnormality 56 4 

No major angiographic abnormality* 1 17 
Surgical and clinical correlation 

Major angiographic abnormality 74 3 

No major angiographic abnormality* 1 202 





a Angiograms interpreted as normal or as showing only minor angiographic 
abnormalities. 
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EMERGENCY TRAUMA ANGIOGRAPHY 


TABLE 3: Accuracy of Emergency Angiography for Acute Injury 


ST EO I E GEOL E LG LD OC LE GE AL LEELA A ALLEL IE LAD o o S l 





Positive Negative 
Criterion Accuracy Sensitivity Specificity Predictive Predictive 
Value Value 
Surgical correlation 94.9 98.3 (95.0) 85.0 (69.3) 95.0 94.4 
Surgical and clinical 
correlation 98.6 98.7 (96.1) 98.5 (96.9) 96.1 99.5 





Note.—All values are expressed in percentages. Numbers in parentheses are the lower limit of the 95% confidence 
interval. Accuracy = (TN + TP)/all cases; sensitivity = TP/(TP + FN); specificity = TN/(TN + FP); positive predictive 
value = TP/(TP + FP); negative predictive value = TN/(TN + FN). TN = true negative; TP = true positive; FN = false 
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negative; FP = false positive. 


access site due to retrograde passage of the guidewire was 
noted in one patient (0.4%); no clinical sequelae occurred. 
Postprocedural loss of the dorsalis pedis pulse with preser- 
vation of the posterior tibial pulse ipsilateral to the angio- 
graphic access site occurred in another patient (0.4%). 
Presumably, this was due to distal embolization of a catheter- 
related fibrin sheath or thrombus; no clinical sequelae oc- 
curred. Transient nonoliguric acute tubular necrosis devel- 
oped in one hypotensive patient (0.4%) who had a massive 
pelvic hemorrhage that required 30 units of transfused blood; 
100 ml of Renografin-76 (Squibb, Princeton, NJ) was used. 


Technically Compromised Studies 


Critical review of the 246 retrievable angiographic studies 
identified 39 (16%) technically suboptimal evaluations. Clinical 
follow-up did not show any vascular complications arising 
from these oversights. Poor vessel opacification was present 
in 16 (7%); all of these occurred with aortic injections. Poor 
film contrast was a factor in 15 cases (6%); all but one of 
these was the result of significantly overexposed films. A 
portion of the area to be studied was excluded in 10 (4%). 
Seven of these were due to mistiming of a stepped-table 
runoff, two to poor centering of the film, and one to poor 
positioning of the catheter. Obscuration of portions of the 
vessels of interest due to overlapping structures occurred in 
15 cases (6%). Six were obscured by overlying bone cortex, 
six by overlapping opacified arteries, and the remaining three 
by superimposed orthopedic casts, bullet fragments, or an- 
giographic equipment. In 14 of these 15 cases, only a single 
angiographic run in a single projection was performed. Over- 
lapping structures were particularly problematic in the calf 
(seven cases). 


Field of Study 


In all 77 cases of major arterial injury, the angiographic 
abnormality was present within 5 cm of fracture fragments, 
bullet fragments, the entrance wound, or the exit wound. All 
of these landmarks can be recognized on a scout film if the 
entrance and exit sites are indicated with lead markers. In 
one case, occlusion present within 5 cm of the aforemen- 
tioned landmarks extended beyond these margins because 
of clot propagation. 


Discussion 


Angiography is an excellent screening tool in assessment 
of the trauma patient for major arterial injury [7, 8, 10]. 
Interpreting the accuracy of angiography in this setting de- 
pends on the standard against which it is being measured. 
Because most patients with abnormal findings on angiograms 
are taken to surgery, parameters most appropriate for eval- 
uating these angiograms, such as sensitivity and positive 
predictive value, are measured best by surgical correlation. 
Alternatively, the primary value of angiograms that show 
normal or minor angiographic abnormalities is to determine 
which injured patients may safely avoid exploration. Thus, 
parameters for evaluating these angiograms, such as speci- 
ficity and negative predictive value, are measured best by 
adding clinical and follow-up findings to the surgical data. 
When these guidelines were used, emergency angiography 
had a sensitivity of 98.3%, a specificity of 98.5%, a positive 
predictive value of 95.0%, and a negative predictive value of 
99.5%. Furthermore, angiography eliminated the need for 
surgical arterial exploration in 203 (73%) of 280 patients 
studied. In two previous studies [7, 8], a high degree of 
angiographic accuracy was also shown. 

The high degree of accuracy was attained with only minor 
morbidity, which reflects the young age of this patient popu- 
lation. The mean age of 31.8 years of our patients corre- 
sponds well with ages reported in other studies on civilian 
trauma [4, 5, 7, 9, 10]. 

Severe arterial narrowing prevented adequate accumula- 
tion of contrast within the affected segment and obscured an 
intimal flap in one case. Thus, the finding of severe arterial 
narrowing, especially if the margin is irregular, may make it 
impossible to exclude other pathologic changes. The role of 
vasodilators or vascular spasmolytic agents in this setting is 
unclear [15, 16]. Other potential causes of false-negative 
results include technically compromised studies and slitlike 
arterial laceration without active extravasation [7, 8, 17, 18]. 
Technical compromise can be reduced by selective arterial 
injection, studies performed in at least two projections, and 
use of a preliminary scout film to ensure appropriate exposure 
technique and centering. Our results suggest that the field of 
study may be confidently limited to a region 5 cm beyond the 
most distant fracture fragments, bullet fragments, and the 
entrance and exit wounds, thus in most cases eliminating the 
need for a stepped mode of filming. High-velocity gunshot 
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wounds may be an exception to this limited field of study 
because the resultant explosive cavitational effect potentially 
may cause more distant injury [19-21]. Infrequently, a second 
angiographic run to evaluate collateral flow and reconstitution 
may be necessary if arterial occlusion extends beyond the 
field of study. 
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Soft-Tissue Masses: Histologic 
Basis for Decreased Signal (Short T2) 
on T2-Weighted MR Images 





Most soft-tissue masses and tumors of various etiologies and histologies have high 
signal intensity on T2-weighted pulse sequences (long T2). Of 47 soft-tissue masses, 
seven had a low signal (short T2) on T2-weighted pulse sequences. All seven masses 
were tumors, and histologic review showed that their composition differed from that of 
the other 40 lesions with a long T2 in that the seven masses were relatively acellular 
and had more collagen. The tumors with a short T2 included one malignant and six 
benign soft-tissue tumors. Malignant fibrous histiocytoma and aggressive fibromatosis 
showed paradoxical signal intensities in that they showed both long and short T2. All of 
the tumors with low signal intensity on T2-weighted images had significant fibrous 
elements and marked hypocellularity. 

This study suggests that the less commonly encountered short T2 may be seen in 
both benign and malignant soft-tissue lesions. A part of the explanation for the low 
signal on T2-weighted sequences appears to be the relative acellularity and abundant 
collagen of these tumors in comparison with those that have the same histologic 
diagnoses but show a high signal. The histologic composition of the tumor rather than 
the histologic diagnosis appears to influence the MR signal on T2-weighted sequences. 


Few reports have attempted to characterize the histology and causes of soft- 
tissue masses on the basis of their MR appearances [1-5]. We are not aware of 
any study that has sought a histologic basis to explain why some soft-tissue 
tumors have a high signal (long T2) and others a low signal (short T2) on T2- 
weighted images. Most soft-tissue tumors on T1-weighted pulse sequences have 
low signal, although exceptions to this general observation have been noted [1, 2, 
4, 5]. Most soft-tissue tumors show high signal on T2-weighted pulse sequences. 
We encountered a few soft-tissue masses (seven of 47 lesions) that showed low 
signal on T2-weighted images (short T2) and compared their histologic composi- 
tions with those of tumors that showed a high signal (long T2). Some tumors with 
the same histologic diagnoses showed different MR appearances in that some had 
a long T2 while others had a short T2. Our observations form the basis of this 
report. 


Subjects and Methods 


Over a period of 20 months, 43 patients with 47 soft-tissue masses were evaluated by 
MR. Except for hematomas, in which the diagnosis was based on the findings of sequential 
images, all soft-tissue lesions were proved histologically (Table 1). 

The examinations were performed with a Technicare 0.15-T (1.5-kg) Teslacon resistive 
magnet system operating at 6.25 MHz. Spatial encoding was obtained by using the two- 
dimensional Fourier transform technique with 128 y-phase encoding gradients. The resulting 
images had a plane thickness of 10 mm. Images with contrast between tissues primarily 
related to T1 differences were obtained by either a single spin-echo (SE) pulse sequence with 
a pulse repetition time (TR) of 530 msec and an echo delay (TE) of 30 msec or inversion 
recovery with a TR of 1600 msec, TE of 32 msec; or inversion recovery with a TR of 1600 


msec, TE of 32 msec, and TI of 400 msec. Images with contrast 
related to T2 differences were obtained during the earlier months by 
multiecho single-slice pulse sequences with TEs of 30-240 msec in 
30-msec increments and a TR fixed at 2240 msec; and for the past 
12 months with a double SE pulse sequence with a TE of 40 and 80 
and a TR of 2080 msec per slice. The soft-tissue masses were usually 
examined in two planes, axial and coronal, with sagittal being used 
least frequently. 

The masses were judged to have high signal intensity on the basis 
of visual criteria. If the mass was Clearly brighter than muscle and 


TABLE 1: Signal Intensity on T2-Weighted Images Relative to 
Histologic Diagnosis 











. aT ees No. of 
Signal Intensity: Histologic Diagnosis Patients 
Low: 
Neurofibroma 1 
Cicatricial fibroma 1 
Subtotal 2 
High and low: 
Malignant fibrous histiocytoma 3? 
Aggressive fibromatosis 3° 
Subtotal 6 
High: 
Hematomas 11 
Myxoid liposarcoma 4 
Hemangioma 4 
Synovial cysts 3 
Abscess 3 
Schwannoma 2 
Liposarcoma 1 
Lipoma 1 
Leiomyosarcoma 1 
Synovial hemangioma 1 
Synovial chondromatosis 1 
Synovial sarcoma 1 
Giant cell tumor of tendon sheath 1 
Lymphoma 1 
Subtotal 35 
Total 43 


CEs eS OE a Se A ee EE m e e o 
Note.—All patients had a single lesion except for the three patients with 
aggressive fibromatosis, who had seven tumors among them. 
a Two of these three patients showed high signal and the other low. 
P Two of these three patients showed low signal and the other high. 





showed brightness comparable to adjacent subcutaneous fat, it was 
considered to have high signal intensity. If it was clearly lower in 
brightness than muscle, it was considered a low-signal-intensity 
lesion; if indistinguishable from muscle, the mass was considered to 
be isointense. This was done on a prospective basis. Signal-intensity 
values of the soft-tissue tumors on T2-weighted pulse sequences 
were not calculated, because our earlier studies have shown that the 
electronically obtained numeric intensity values did not offer greater 
specificity than visual assessment did [3, 5]. 

A pathologist reviewed the history of all the masses for diagnoses 
and composition without knowledge of either the original diagnosis 
or MR appearance (Table 1). Group 1 consisted of all the tumors that 
showed a low signal on T2-weighted pulse sequences. Group 2 
consisted of all the tumors that showed a high signal intensity on T2- 
weighted pulse sequences. In addition to providing the diagnoses, 
the pathologist was asked to comment on histologic features com- 
mon to groups 1 and 2 and to compare the two groups. 

The three patients with malignant fibrous histiocytomas (Figs. 1 
and 2) with both high and low signals and the three patients with 
aggressive fibromatosis (Figs. 3 and 4) that showed paradoxical 
signal intensities on T2-weighted images were studied histologically 
without knowledge of their MR appearance. 

After these results were evaluated and when there appeared to be 
histologic differences to explain the discrepancy in signals on T2- 
weighted sequences, the MR findings were shared with the patholo- 
gist. On a later occasion and in blinded fashion, the pathologist was 
asked to predict, on the basis of histology, whether he expected the 
lesion to have a high or low MR signal. Cell counting was not done, 
with reliance being placed on the observer's experience, and a tumor 
was determined to have abundant collagen on the basis of visual 
estimates. 


Results 


Seven tumors in five patients showed a low signal on T2- 
weighted pulse sequences: malignant fibrous histiocytoma 
(one patient), aggressive fibromatosis (two patients), neurofi- 
broma (one patient), and cicatricial fibroma (one patient) (Table 
1). The original histologic diagnoses were confirmed in every 
case, and the observations strongly indicated that these 
tumors were more collagenous and less cellular than the soft- 
tissue tumors that had a high signal on T2. 

All of the seven tumors were strikingly hypocellular with 
background collagen being widely and readily perceived. On 
rereviewing the slides in a blinded fashion, the pathologist 
accurately predicted a low MR signal in each of the seven 


Fig. 1.—Malignant fibrous histiocytoma of 
the axilla. MR showed a long T2; histology 
revealed a cellular tumor with virtually no fi- 
brous tissue. 

A, T2-weighted image (TR 2080/TE 40) 
shows that tumor has a long T2 and therefore 
blends imperceptibly with surrounding fat ex- 
cept medially (arrow). Separation of tumor 
from fat was seen clearly on T1-weighted 
images. 

B, Representative high-power photomicro- 
graph of lesion. Cellularity and absent fibrous 
stroma are evident. (H and E, x200) 


Fig. 2.—Malignant fibrous histiocytoma of 
the abdominal wall. MR showed short T2; his- 
tology revealed abundant collagen and relative 
acellularity. 

A, Malignant fibrous histiocytoma arises 
from external oblique muscle just above iliac 
crest. T2-weighted coronal image (TR 2080/TE 
80) shows tumor as low-signal mass (arrow). 

B, High-power photomicrograph shows ex- 
tensive collagen in tumor. Histologic diagnosis 
is the same as Fig. 1B, but this lesion has far 
more collagen and is relatively hypocellular. (H 
and E, x200) 


Fig. 3.—Aggressive fibromatosis arising in 
soft tissues of forearm. MR showed homoge- 
neous mass of high signal intensity; histology 
revealed considerable collagen and marked 
cellularity. 

A, Aggressive fibromatosis (extraabdominal 
desmoid) of forearm. Coronal view (TR 2080/ 
TE 80) with forearm prone shows mass of high 
signal intensity in mid forearm; arrow shows 
proximal extent of mass. 

B, High-power photomicrograph of cellular 
tumor with histologic features of aggressive 
fibromatosis. Tumor was diffusely, heavily col- 
lagenous. Its marked cellularity presumably 
accounts for long T2. (H and E, x200) 


Fig. 4.—Aggressive fibromatosis of the 
thigh. MR showed short T2; histology revealed 
heavily collagenous, markedly hypocellular tu- 
mor. 

A, Aggressive fibromatosis (TR 2100/TE 
100) is seen as low-signal mass (arrow) con- 
fluent with left sartorius anteriorly and extend- 
ing posteroinferiorly to involve fascia lata and 
subcutaneous tissue. 

B, High-power photomicrograph of heavily 
collagenous, aggressive fibromatosis with a 
few bland cells. This case contrasts with pre- 
vious one in its relative hypocellularity with 
both tumors being rich in collagen. The only 
distinguishing feature to account for short T2 
is acellularity. (H and E, x200) 





cases showing hypercellularity in abundant collagen. These paradoxical appearances were obtained on dual SE 

The three patients with malignant fibrous histiocytoma and with a TR of over 2 and TEs of 40 and 80 msec, respectively. 
the three with aggressive fibromatosis all had MR images in A comparison of the histologic sections of the patients illus- 
which the tumor had both long and short T2 (Figs. 1 and 2). trated in Figures 1-4 showed that there was a definite in- 


A | B 


crease in collagen content and relative decrease in cellularity 
of the tumors with a short T2 (Figs. 2B and 4B). However, 
the patient with aggressive fibromatosis showing the high 
signal on MR (Fig. 3A) had a heavily collagenous tumor that 
was also markedly cellular (Fig. 3B). The aggressive fibro- 
matosis with the low signal (Fig. 4A) also had abundant 
collagen but was strikingly acellular (Fig. 4B). On T2-weighted 
pulse sequences, a patient with the histologic diagnosis of 
cicatricial fibroma (Fig. 5) showed an exclusively low signal, 
and a patient with neurofibroma showed a predominantly low 
signal. Again, the microscopic composition of the cicatricial 
fibroma was of abundant collagen and acellularity (Fig. 5B). 
The neurofibroma, not illustrated, showed some areas of high 
signal on the T2-weighted pulse sequence and was more 
cellular than the cicatricial fibroma. 

Retrospective review of the histologic composition of the 
remainder of the tumors showing high signal on T2-weighted 
pulse sequences showed that the main distinction in the 
composition of the tumors is their markedly greater cellularity 
and variable amounts of collagen. The two schwannomas 
showed a high signal on T2-weighted pulse sequences and 
were relatively cellular. All abscesses, cysts, and hematomas 
showed a high signal on T2-weighted sequences. 


Discussion 


Bottomley et al. [6] indicated that the principal determinant 
of T2 relaxation in normal biologic tissue in the range of 
1-100 MHZ is tissue type. The number of variables influencing 
MR signal intensity of tissue, normal or abnormal, is beyond 
the scope of this study. 

On a practical basis, our observations reveal that some 
soft-tissue tumors have a short T2, with a low signal on T2- 
weighted images. This appearance was not encountered in 
abscesses, hematomas, or cysts, which may mimic tumors 
Clinically. Abundant collagen and acellularity were two com- 
mon links in all of our soft-tissue tumors of disparate histologic 
diagnoses that showed low signal on T2-weighted pulse 
sequences. Although only one of the tumors with short T2 
was malignant (Fig. 2), its presence in this small subgroup of 
low-signal masses suggests that a low-signal appearance will 
not reliably serve to distinguish benign from malignant tumors. 
Given a mass with a short T2, histologic examination remains 
the most reliable method to determine its nature. 





Fig. 5.—Cicatricial fibroma of the elbow. MR 
showed short T2; histology revealed acellular, 
heavily collagenous benign, fibrous tumor. 

A, Cicatricial fibroma (TR 2080/TE 40). 
Small, low-signal mass (arrow) anterior to su- 
perficial muscles of elbow. Its low signal on 
T2-weighted image suggests that it has a pre- 
ponderance of fibrous tissue and is acellular. 

B, High-power photomicrograph shows le- 
sion as heavily collagenous, benign, fibrous 
tumor with marked paucity of cells. Single cal- 
cific focus is seen in this field (arrow), but was 
not seen elsewhere and hence not thought to 
influence the MR signal. (H and E, x200) 


That collagen-rich tumors may have a short T2 is apparent 
from our cases, but marked acellularity also appears critical 
in accounting for the MR appearance. Variable amounts of 
collagen are found in most soft-tissue tumors; patients with 
aggressive fibromatosis (extraabdominal desmoids) show op- 
posite signal intensities on T2-weighted pulse sequences 
(Figs. 3 and 4). The difference in the histologic composition 
of these tumors was not in the amount of collagen present, 
but rather in the acellularity of the tumor with the short T2 
(Fig. 4B). 

Although it is not clear which of these two histologic fea- 
tures influences the MR image most significantly, it does 
appear that the combination of abundant collagen and marked 
hypocellularity in a soft-tissue tumor leads to a decreased 
signal on T2-weighted pulse sequences. All of the short-T2 
tumors, with the exception of the neurofibroma, were of 
fibrous origin. The recognition of an uncalcified or an unossi- 
fied soft-tissue mass with short T2 would seem to permit 
prediction of a prominent fibrous component throughout the 
tumor and significant acellularity of the lesion. However, it 
does not necessarily permit prediction of its histologic diag- 
nosis. 
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Improving MR Image Quality 
in the Presence of Motion by 
Using Rephasing Gradients 





Numerous techniques exist for suppressing ghosting artifacts due to respiratory 
motion on MR images. Although such methods can remove coherent ghosting artifacts, 
motion during gradient pulses also leads to poor image quality. This is due to phase 
variations at the echo caused by changes in velocity from one phase-encoding view to 
the next. The effect becomes severe for long sampling times and long TE values and 
can lead to low estimates of T2. We discuss general, robust modifications of the 
standard gradient or spin-echo sequences by using rephasing gradients that force the 
phase of constant-velocity moving spins to be zero at the echo. These sequences lead 
to a significant reduction in motion artifacts and hence improvement in image quality. 
They can be applied to multislice, multiecho, water/fat, and gating schemes as well. 
Since motion problems are universal, it would appear that these modified sequences 
should come into common usage for MR imaging. 


During the past few years, a myriad of techniques have been offered as solutions 
to the respiratory artifact problem in body imaging. These range from respiratory 
gating [1], fat suppression using inversion recovery [2] or other techniques [3], 
pseudogating [4, 5], ordered phase encoding [6, 7], motion modeling [8, 9], and 
fast imaging [10, 11]. All of these approaches eliminate or reduce artifacts caused 
by motion between phase-encoding views in the standard two-dimensional Fourier 
transform (2DFT) spin-echo sequence. 

Significant motion in the body, from several millimeters to several centimeters 
[12], is a universal problem in MR imaging. Motion artifacts may be present in the 
form of severe ghosting or as a subtle loss of signal due to spin dephasing across 
a pixel. Evidently, a major source of ghosting and loss of signal in everyday imaging 
is due to imperfect refocusing of the moving spins at the echo. We propose the 
use of extra pulses to rephase constant-velocity moving spins. The success of the 
new rephasing sequence is not dependent on the value that the velocity assumes. 
Furthermore, these gradients can be applied to all three spatial directions to ensure 
optimal refocusing regardless of the direction of the motion. The blurring that 
occurs due to the motion itself still needs to be corrected by one of the techniques 
mentioned earlier, but generally blurring is not the major problem. 


Theory 


The standard 2DFT spin-echo method refocuses stationary spins so that their 
phase is zero at the echo. For constant-velocity moving spins, the phase is not 
zero at the echo, [13, 14] and this is best illustrated by evaluating the phase 
behavior for the sequence in Figure 1A. The sampling time t is defined to be zero 
at the echo. Only constant-velocity spins are considered, so that the time depen- 
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Fig. 1.—A, Example of standard spin-echo 
sequence for applied RF and read gradient 
fields. Echo time (TE) is 27. Dephasing portion 
of read gradient is before the x-pulse to allow 
for short echo times. G = gradient; t = time. 

B, A modified spin-echo sequence with re- 
phasing gradients to ensure zero phase at the 
echo for constant-velocity and stationary spins. 





j t1 t2 i ai i The sequence can be designed so that the phase 
A is zero at the echo for all velocities or so that 
incomplete refocusing occurs and yet enough 
G4 Gy signal remains so that sufficient phase informa- 
tion persists to estimate velocity. Timings reflect 
Gas tg T ar-ig+ty | i symmetry inherent in this bipolar design. 
2 eit te" C, A rephased spin-echo sequence similar to 
9 that in B, but with first pair of bipolar gradients 
-G92 “Go replaced by a single dephasing gradient. Tim- 
B ings here are left general and are determined by 
optimizing the sequence for a given TE value. 
Gread 
C 


dence of a spin starting at a position x is 

x(t) = x + vt’ (1) 
at time t’ later. The phase at any time t + 27 (i.e., during 
sampling) for a spin starting at position x at the center of the 
1/2 pulse is 


2r+t 


t2 
ou,t)=-76 | seat +46 | x(t’)at’ (2 
ty 27r—tot+ty 


= yGxt + yGv[(te — tı (2r — te) + 27t + Vat?] (3) 


where v = velocity, G = gradient, y = gyromagnetic ratio. 
The first term, yGxt, is the expected phase behavior for 
Stationary spins, while the last three terms are due to the 
constant-velocity motion. The second is the constant-phase- 
shift term at the echo (where t = 0) 


p(x, 0) = yGv(te — t1)(27 — te) (4) 


The third term, 2yGvrt, is an extra linear phase shift and 
leads to the spins appearing in the image at the point x’, 
where 


x’ =x + 2rv (5) 


The fourth term, Y27Gvt?, is quadratic in time and leads to a 
loss of resolution in the image since it acts as a complex filter 
[14]. All of the last three terms can lead to ghosting if v 
changes from view to veiw. 

The amplitude of these last three terms will determine the 
role each plays in affecting the image. For example, for r = 
30 msec (or TE = 60 msec), G = 1 mT/m, a 30-cm field of 
view, a sampling interval of 80 usec, 256 sampling points, t 
= 10 msec and tə = 20 msec, the phase shift at the echo 
(from equation 4) is 1.07v radians where v is in cm/sec. The 
position shift is 0.06v in cm, and the phase error at the end 
of sampling from the term quadratic in time is 0.013v radians. 
The first two terms are thus seen to be the most significant. 

This phase behavior of the signal for moving spins suggests 


that respiratory motion alone may not be the major source of 
ghosting in body imaging. Yet respiratory motion along the 
phase-encoding direction of just Ay = 0.2 cm between views 
has been shown [7] to give significant ghosting. It is instruc- 
tive to examine the change in phase, A¢@, of a spin from one 
phase-encoding view to the next: 


Adm = yAGyt, Ay (6a) 


yGAtAy (6b) 


when the fields of view in both x and y are equal. Here AG, 
is the increment of the phase-encoding gradient and t, its 
duration. Similarly, for motion a distance Ax along the read 
direction, the maximum phase change across a sampling 
interval, Af, is 


Adm = yGAtAx (7) 


Both these phase changes represent only 0.04 radians when 
Ax = Ay = 0.2 cm. We also know that as the amplitude of 
the motion increases, so does the amplitude of the ghosting 
[7]. With respiratory amplitudes of 0.5 cm, the phase change 
is 0.1 radians and the ghosts can be as large as 10% of the 
original image amplitude. 

In order to appreciate the importance of the phase terms 
in equation 4, it is useful to find out what velocities lead to 
the same phase variations as motion between views. The 
worst possible spin-echo sequence occurs when the RF 
pulses are assumed to be instantaneous and the sampling 
time is taken to be 27. The phase change from view to view 
is then 


Ady = % yGv(TE)? (8) 


Equating expressions 6b or 7 with 8 and setting Aa = Ax = 
Ay gives the condition 


y, = haat 
° (TE)? 





(9) 
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for the velocity change from view to view where motion during 
gradient pulses causes the same ghosting as the usual motion 
between views. However, in the more realistic example above 
using 7 = 30 msec in equation 4 gives roughly 


y, — haat 
° (TE)? 


so that v. is now 0.22 cm/sec for Aa = 1 cm. For the shorter 
TE values, such as TE = 20 msec, equation 9 implies that ve 
is now nine times bigger if At remains fixed. Usually Af is 
reduced to 30 usec so that ve = 0.33 cm/sec. Obviously, 
small velocity changes can lead to significant ghosting even 
if there is no motion between views. 

Abdominal motion is not limited to the subcutaneous fat 
but is significant for the liver, kidney, and other abdominal 
organs [12] as well as for the heart and associated vascula- 
ture. It is now not surprising that standard sequences with 
TE greater than 30 msec have not led to high-quality body 
images. In fact, ghosting, as well as spin dephasing across a 
pixel [15], also leads to a loss of signal for the main (central) 
image of the moving object [7, 16] since the periodic ghosts 
effectively steal energy from it. This can lead to low measured 
values of T2, a T2” say, which could in turn lead to a 
misdiagnosis. For example, a single T2-weighted image of 
the liver could lead to the diagnosis of hemachromatosis [17] 
unless a rephasing sequence is used. The usual signal from 
in-plane blood flow is normally small because of spin dephas- 
ing. By using the rephasing sequences discussed in the 
following paragraphs, it should be possible to measure both 
T1 and T2 for blood. 

One step toward removing the phase dependence on ve- 
locity at the echo is to rephase the spins with another gradient 
[18]. Introducing this extra gradient allows both the stationary 
and constant-velocity moving spins to be refocused simulta- 
neously [19-23]. Using two extra gradients allows even con- 
stant accelerating spins to be refocused [23]. It is the purpose 
of this paper to show the tremendous Clinical utility of these 
new refocused sequences. To this end, we will consider first 
the phase behavior for the latter case of two extra gradients 
or a bipolar-gradient refocusing scheme, even though a single 
extra gradient would suffice. 

The idea of phase encoding flowing spins by using extra 
gradients is not new [24, 25]. Rather than using the phase 
information to velocity-encode the blood flow, introducing 
these bipolar gradients as in Figure 1B, which act as an even 
echo-rephasing mechanism, can set the phase at the echo to 
zero for any spin moving with constant velocity. In this case, 
the phase as a function of time is 





(10) 


p(x, t) = yG xt + yG,vt(27 + Vat) 
+ yV[Gi(te a t; \(27 = T2) + Go(ts — to)(to + ts ad t4 Fi 27)] (1 1) 


The time-independent, but velocity-dependent phase term (in 
square brackets) can be made to vanish independently of the 
velocity. The flexibility alluded to above is evident in the phase 
term. Of the five variables G,, Go, t4, t2, and ts, only three are 
independent since there are two constraints on the system. 
They are (1) the zero moment with respect to time must be 
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Gxt and (2) the first moment must be zero at the echo. We 
shall discuss later how these choices are made. 

Carefully calibrating the gradients and timing to obtain zero 
phase at the echo is crucial in a practical implementation of 
this sequence. Even small calibration errors can lead to sig- 
nificant phase effects when the velocities are large. Further 
difficulties arise because of finite gradient rise times and eddy 
currents. The form of the time-dependent terms remains 
unchanged by the additional rephasing gradients. For blood- 
flow imaging, cardiac gating would help remove most remain- 
ing phase changes between views to avoid periodic artifacts. 

The gradient G2 must be chosen as a function of G, from 
equation 11 so that the phase term vanishes. This condition 
gives 


(27 = to\(to tı) 


=A Hn t- tals =t) pa 
_ (27 S to) 
e (27 — 3t) pr 


for tı = 0 and equal length gradients G, and G2 before the x 
pulse (tə — t; = ts — tz). For long TE values (TE = 27) and 
short sampling times, the value of G2 is close to that of G4. 
Values of t;, t2, and ts can be chosen to minimize G2 or keep 
gradient times short if eddy currents are a problem. The 
optimal value of G2 will be G, so that no loss of potential 
resolution is incurred. This is important for systems with only 
low-gradient capabilities or if high-resolution (small-field-of- 
view) imaging is desired [19]. The value of G, is set by the 
usual imaging constraints on field of view and Nyquist fre- 
quency, while t, and tz are chosen to minimize phase effects 
due to accelerating spins. 

These sequences can be used for high signal-to-noise flow 
measurements. By dephasing the sequences slightly so that 
only a small loss of signal occurs, but enough to give the 
phase a sufficiently strong velocity-dependent term, flow 
measurements via the phase are possible. Likewise, spin- 
dephasing effects can be used to advantage by dephasing 
the spins to eliminate signal from fast laminar flow as in the 
femoral or carotid artery but not in the veins. This allows for 
arterial and venous identification by subtracting the dephased 
images from the rephased images [19]. 


Materials and Methods 


Standard spin-echo sequences (as in Fig. 1A) from a Siemens 1.0- 
T and 1.5-T Magnetom were used as the starting point. These 
sequences were modified as shown in Figure 1B and calibrated so 
that the phase of moving spins was identical to that of stationary 
spins. This was accomplished by using plexiglass tubes, one of which 
had stationary spins, one of which had laminar flow with a mean 
velocity of +10 cm/sec, and one of which had a velocity of —10 cm/ 
sec. In the phase reconstruction of the images, the tubes could not 
be distinguished after calibration. Whereas, if the calibration was 
imperfect, phase profiles varied across the diameter of the tubes and 
were indicative of the relative direction of flow and could be quanti- 
tatively related to velocity. 

The two main sequences used were a TE = 38 msec and a TE = 
60 msec sequence. The sampling intervals were 30 usec and 70 
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usec, respectively, with the number of sampling and phase-encoding 
points both being 256 unless otherwise stated. With tə = 8 msec, 
this leads to values of G2 = 2.1G;, in the first case and G; = 1.44G, 
for the second case. To allow for the optimal system, small-field-of- 
view capabilities (i.e., keeping G; = G2) and shorter echoes, only 
three gradients (Fig. 1C), were used in the TE = 38 msec sequence 
(so that only constant-velocity terms are eliminated). Even so, by 
adjusting the position and amplitudes of the gradients, the effects of 
acceleration were also minimized. A TE of 38 msec also allows for 
rephasing in the slice-select direction. 


Results 


In order to illustrate the difference in image quality between 
Standard (dephased) and rephased spin-echo sequences, im- 
ages are presented for both scans. Figure 2 shows a sagittal 
spine image with a long TE value of 60 msec. Motion degra- 
dation significantly reduces signal-to-noise ratio and contrast 
between the spine and spinal cord (Fig. 2A). The rephased 
image (Fig. 2B) shows an image that is much more useful 
diagnostically with large signal from the CSF. No motion 
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artifacts remain. This allows for improved CSF contrast with 
TR values shorter than 2 sec. 

Body scans are often deemed useless because of the 
ghosting artifacts caused by respiratory motion. In fact, for 
long TE values, significant blurring or loss of signal may occur. 
An example of decreased liver signal and blurring is shown in 
Figure 3. The first scan has very poor resolution and signal- 
to-noise ratio. The rephased image shows the lack of ghosting 
or jitter throughout the liver and hence the apparent improve- 
ment in resolution. Neither scan was respiratory gated. Even 
so, the rephased image shows much sharper boundaries and 
much less blurring than its normal counterpart. A second 
example is shown in Figure 4 for a sagittal cut. The maximum 
signal from the liver in the rephased image is 650 units with 
a background noise of 30 units. The remaining respiratory 
artifacts are coherent edges with 70 units maximum ampli- 
tude. In the dephased image, the ghosts are 130 units and 
spread throughout the body. Most of the energy from these 
ghosts has been returned to the central image by rephasing. 
A background noise of 50 units in the region of the moving 


Fig. 2.—A comparison between a standard 
(A) and rephased (B) sequence with TR = 2 sec 
and TE = 60 msec; a surface coil was used. Slice 
thickness is 4 mm. Contrast between spine and 
CSF is greatly enhanced in B because of reduc- 
tion of motion artifacts and increased signal from 
CSF. 


Fig. 3.—Ungated T1-weighted comparison 
between a standard (A) and rephased (B) se- 
quence with TR = 400 msec, TE = 60 msec, four 
acquisitions, and 10-mm slice thickness. Stand- 
ard image is smeared, especially the liver. Re- 
phased image displays a coherent liver and 
much improved boundary enhancement. Neither 
image is respiratory gated. 
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Fig. 4.—Same as Fig. 3, but with TR = 500 
msec, TE = 38 msec, and 20-mm-slice thick- 
ness. Note blurring and loss of signal through 
liver and edge of heart in normal image (A). Most 
signal from liver, heart, and some flowing blood 
in the pulmonary arteries has been recovered in 
rephased image (B). 
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Fig. 5.—Effect of random phase variations due to motion in slice-select direction is expected to be reduced by reducing TE. Even this is not enough 
for fast flow, as is shown in gradient-echo sequence of A with TE = 10 msec, TR = 50 msec, a sampling rate of 30 usec, and a slice thickness of 10 mm. 
Increasing TE to 20 msec (B) shows an increase in ghosting from pulsatile blood flow. Rephasing in slice-select direction significantly reduces artifacts 
(C) even with TE still at 20 msec. 


organs still remains, perhaps because of unrefocused signal 
in the other two directions. The reduction in artifacts comes 
from the elimination of the random-phase term proportional 
to v and is exceptional considering that there is no respiratory 
gating. Also, signal in the blood in the pulmonary arteries has 
increased. These remarks are valid for fast gradient-echo 
sequences too. 

Fast, low-angle shot (FLASH) imaging can also be expected 
to show the blood [11] because of the short TE values used; 
but when the image is ungated, as in volume imaging, the 
heart or other body parts will not have sharp boundary 
definition [5]. However, even short TE values of 10 msec may 
be insufficient to eliminate ghosting (Fig. 5A). The pulsatile 
nature of blood flow through the plane is enough, even for 
plug flow, to cause a periodic phase change in the signal. By 
using TE = 20 msec, the effect is even worse. Nevertheless, 
the ghosting has been nearly eliminated for the TE = 20 msec 


sequence when the spins are refocused in the slice-select 
direction (Fig. 5C). The other vessels in the center of the 
muscle are now more Clearly outlined as the phase blurring 
has been reduced. 

A similar comparison study can be done in the heart to see 
the different components of flow. Figures 6A, 6B, and 6C 
show cardiac-gated images with no rephasing, with rephasing 
in the read direction, and with rephasing also along the slice- 
select direction respectively. Figure 6A is badly dephased 
with little signal from the myocardium. Figure 6B shows the 
muscle wall clearly with the remaining black regions due to 
flow perpendicular to the plane. Figure 6C clearly displays the 
fresh blood flowing into the plane (paradoxically enhanced). 
General vessel enhancement also appears in the diaphragm 
region. The potential of studying blood flow and heart-wall 
motion is now evident. Without rephasing, nonuniform motion 
may cause a loss of signal on the edges of valves or other 
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Fig. 6.—Cardiac-gated comparisons between a normal spin-echo sequence (A), a rephased sequence in the read (horizontal) direction (B), and a 
rephased sequence in both the read and slice-selection directions (C). All scans have a TE of 38 msec and a slice thickness of 10 mm. Signal from in- 
plane blood flow is enhanced in B, while a comparison between B and C illustrates flow perpendicular to the plane. 





A 


moving cardiac muscle, which could be misinterpreted as a 
defect. Estimating T2 in the heart to correlate with ischemia, 
for example, will be extremely suspect unless the rephasing 
sequence is use. 

The cardiac-gated image showing branching of the pulmo- 
nary artery in the lungs (Fig. 4B) shows the application of 
these principles to vascular imaging. The bright circle of blood 
in the center of the lungs is due to the rephasing in the slice- 
select direction and paradoxical enhancement, and it may 
occur at the confluence of several vessels. Blood flow in the 
liver and pancreas (Fig. 7) is also now easily discerned. 
Potential applications to renal arteries and other problems are 
numerous. In-plane flow in vessels such as the femoral artery 
can be seen by subtracting dephased from rephased images. 
The MR angiograms compare well with the accompanying 
digital subtraction angiogram (Fig. 8). A crucial point is that 
the use of equal-amplitude gradients (G; = G2) in the read 
direction also allows small fields of view [19]. 


Fig. 7.—Portal vein and its branches are ab- 
sent in liver in dephased sequence (A), but are 
bright in rephased sequence (B). Although ves- 
sels are visible in that they are black in dephased 
image, there is no ambiguity as to what is vessel 
and what might otherwise have been black in 
rephased image. TE = 38 msec and slice thick- 
ness is 10 mm. 


Discussion 


Body imaging without gating usually is of poor quality; this 
has been blamed on periodic motion artifacts generated by 
motion between phase-encoding views [8, 9]. The fact that 
velocity may vary from zero to v between views leads to a 
phase variation from zero to the maximum value given in 
equation 4. For the TE = 60 msec sequence defined earlier, 
this gives a maximum phase deviation of 1.07v radians with 
v in cm/sec. These large phase variations are the major source 
of ghosting as is evidenced by the significant reduction of 
artifacts upon rephasing. Since the velocity in the CSF is as 
high as 5 cm/sec, a phase variation of 5.35 radians for TE = 
60 msec occurs and hence significant ghosting is expected 
(see Fig. 2A). For nonuniform or laminar flow, such large 
phase variations (almost 27) can lead to a significant loss of 
signal via spin dephasing [15]. Both effects are seen in the 
spine. 
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Fig. 8.—MR angiogram (A) obtained by sub- 
tracting a dephased image from a rephased im- 
age for cardiac-gated images with TE = 60 msec 
and a slice thickness of 10 mm. An angiogram 
(B) was taken several weeks before MR scans. 
Occlusion in anterior tibial artery was treated 
with urokinase. 

Occlusion (arrow) is readily seen in angio- 
gram whereas lumen of vessel near bifurcation 
now appears larger in the MR image. 


In body imaging, when only rephasing gradients are used 
(Fig. 4B), the remaining artifact is a coherent ghost due to the 
familiar respiratory problem. Evidently, motion even perpen- 
dicular to the anteroposterior respiratory motion still causes 
severe artifacts. Both Figures 3 and 4 have the refocusing in 
the horizontal direction (perpendicular to the anteroposterior 
motion). Refocusing in all three directions independently is 
likely to further improve the image quality. 

It is claimed that fast imaging techniques produce good 
quality images (as long as breath-holding is possible). One 
reason for the improvement in the quality of scans is the short 
TE value employed, often as low as 10 msec. For TE = 10 
msec, G = 4 mT/m and v in cm/sec, according to equation 6, 
the phase at the echo is 0.027v radians. As expected, the 
resulting images are almost artifact free for low velocities. For 
fast-flowing blood (v can be 100 cm/sec), this will not be true 
even for this short TE value since as v varies from view to 
view, significant phase variation occurs. Similar dephasing 
occurs for the usual slice-select gradients. Rephasing in the 
slice-select direction helps to reduce any pulsation artifacts, 
as illustrated in Figures 5A, 5B, and 5C. 

The ability to rephase moving spins can actually be detri- 
mental in cardiac imaging. Although fast cinemode imaging is 
attractive for some diagnostic studies, the increased signal 
from the blood can eliminate contrast with myocardium and 
lead to signficant motion artifact for imperfect cardiac gating 
or rephasing because the signal from the blood is now so 
bright. When rephasing gradients are used in the heart, even 
in both slice-select and read directions, all blood may not be 
refocused. For example, if only constant-velocity spins are 
refocused, then accelerating or turbulent spins can give ghost- 
ing or regions with no signal (because of spin dephasing). The 
refocusing in Figure 6B, although good, was incomplete, as 
shown in Figure 6C where rephasing was also applied in the 
slice-select direction. Great care should therefore be taken in 
interpreting such cardiac images. 

The important practical aspect of these rephasing se- 
quences is that the potential field of view can escape un- 


IMPROVING MR IMAGE QUALITY 


1257 





scathed by adding an extra gradient to the sequence. This is 
particularly crucial to short-TE imaging or for high-resolution 
flow imaging. With rise times of 1.5 msec and RF pulse times 
of 2.5 msec, a rephased gradient-echo sequence can be 
constructed for TE = 17 msec while a spin-echo sequence of 
TE = 23 msec is possible. All gradient amplitudes are the 
same as the usual read gradient of 2.6 mT/m for a 30-cm field 
of view. For a 6-m7T/m system, 0.5-mm resolution can be 
attained. By increasing the TE value and the sampling time, 
the read gradient can be reduced to allow for a smaller field 
of view. For example, cutting G in half doubles the potential 
resolution and increases the signal-to-noise ratio by V2. 


Conclusions 


Motion has long been the bane of MR body imaging be- 
cause of respiration, peristalsis, and flow both between views 
and during gradient applications. The latter causes not only 
ghosting but also spin dephasing and the associated loss of 
signal, especially for T2-weighted images. Practical examples 
have illustrated the importance of eliminating the velocity- 
dependent phase variations by using rephasing sequences. 
Not only is ghosting significantly reduced, but the spin de- 
phasing is essentially removed, returning the signal to that 
which would have been obtained had there been no move- 
ment at all. This was found most useful for (1) organs affected 
by respiratory motion such as the liver, pancreas, and kidney; 
(2) CSF; and (3) blood flow. The phase correction can be 
made in spin-echo and fast gradient-echo sequences, for long 
or short TE values, and with multiecho, multislice imaging. 
Combining rephasing with respiratory gating, ordered phase 
encoding, or some motion-correction scheme should help to 
make body imaging more widely used in MR imaging. 
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Perfluorochemicals as 
Gastrointestinal Contrast 
Agents for MR Imaging: 
Preliminary Studies in Rats and 
Humans 





The ability to distinguish bowel from other intraabdominal structures is essential for 
the accurate diagnosis of intraabdominal disease with MR. Because perfluorochemicals 
have no protons, they cause no MR signal. Since they are immiscible with water, they 
create a signal void in bowel independent of bowel contents and thus are suitable as 
oral contrast agents. Furthermore, they are tasteless and odorless and have no side 
effects. We evaluated the use of perfluorochemicals by performing MR scans of the 
abdomen in rats after the oral administration of unemulsified perfluorohexylbromide or 
perfluoroctylbromide. Since the latter is approved as an investigational drug for oral use 
in humans, two volunteers were also studied. 

Both compounds created signal void in the bowel of both rats and human subjects 
allowing identification of the gastrointestinal tract. The results suggest that these 
compounds have potential as oral contrast agents for MR imaging. 


Paramagnetic solutions are the only oral contrast agents so far described for 
use in MR imaging [1, 2]. When used to identify bowel they have several shortcom- 
ings, the most important of which is the dependence of signal intensity on concen- 
tration. Since they are water soluble, their concentration in the bowel, and therefore 
their resultant signal intensity, depends on bowel content. Furthermore since the 
MR signal is increased by these agents, it is possible to confuse bowel with other 
structures. We therefore sought an agent that decreases signal from the bowel 
lumen on both T1- and T2-weighted images and that is independent of bowel 
content. 

Perfluorochemicals (PFC) are organic compounds in which hydrogen atoms have 
been replaced by fluorine. Perfluorohexylbromide (PFHB) (CeF13Br) and perfluoroc- 
tylbromide (PFOB) (CsF:7Br), compounds that are radiopaque because of the 
bromine, have been used as experimental radiographic oral contrast agents in 
animals [3, 4] and humans (Long DM, unpublished data). Unemulsified PFCs have 
potential as MR gastrointestinal contrast agents for the following reasons: (1) 
Lacking hydrogen, these compounds cause no MR signal. Therefore, like air, they 
create a signal void on both T1- and T2-weighted images. (2) Being immiscible with 
water and having high mass density (1.9 g/ml), PFCs layer out in water. Therefore, 
the signal void produced would be independent of bowel content. (3) These 
compounds have rapid transit through the bowel because of their low surface 
tension [4]. (4) They are tasteless and odorless, and have no side effects [3, 4]. 

Consequently, we performed studies in rats and man to evaluate PFCs as 
gastrointestinal contrast agents for use in clinical MR imaging. 


Materials and Methods 
Animal Study 


We evaluated the effect of dose (13 or 16 ml/kg) and method of administration (single or 
double bolus) on the extent and degree of filling of the gastrointestinal tract as seen on MR 
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scans performed before and after giving PFHB or PFOB. Fifteen rats 
weighing approximately 300 g were sedated with ketamine (30 mg) 
and acepromazine (0.6 mg), and MR images of the abdomen were 
obtained. When the animals fully recovered (2-3 hr), they were 
resedated with ether, a nasogastric tube was placed in the stomach, 
and PFC was administered. Because of its ultra-short action (1-2 
min), ether was used to minimize the anesthesia effect on gastroin- 
testinal motility. 

One rat was given 13 ml/kg and another rat was given 16 ml/kg 
PFHB as a single bolus 15 min before rescanning. Two rats were 
given 13 ml/kg, and another two rats were given 16 ml/kg PFHB as 
a single bolus 30 min before rescanning. As controls, two animals 
were given nothing. 

Two rats were given a total volume of 13 ml/kg and another three 
rats were given 16 ml/kg PFOB. The total dose was divided into two 
equal boluses, given 30 and 15 min before rescanning. Since these 
five rats required two ether sedations, two additional controls were 
included. 

MR scans were performed by using the head coil on a GE 1.5-T 
Signa system. Spin-echo sequence TR = 2 sec and TE = 25 and 50 
msec were used with a 256 x 256 matrix, 5-mm scan thickness, and 
20-cm fieid of view. 

Immediately after the second MR study, the rats were sacrificed 
with IV pentobarbital, and an abdominal radiograph was obtained. 
The degree and extent of bowel filling were subjectively evaluated on 
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the MR images and correlated with the radiograph to ensure that the 
signal void produced was due to PFC and not air. 


Human Study 


Since PFOB is approved for oral use as an investigational drug, 
two volunteers were studied after appropriate consent. After control 
MR scans of the abdomen were made, they were given 7 ml/kg 
(approximately 500 ml) of PFOB orally. The first volunteer was given 
a bolus of 5 ml/kg at 30 min and a second bolus of 2 ml/kg 5 min 
before another MR scan. The second volunteer slowly drank 5 ml/kg 
from 30 to 15 min before scan time followed by a 2 ml/kg bolus 10 
min later. 

Imaging was performed in the coronal plane with a partial-satura- 
tion sequence TR = 600 msec and TE = 25 msec, followed by an 
axial spin-echo series with TR = 2 sec and TE = 20 and 70 msec. 
The scans obtained before and after PFOB ingestion were subjec- 
tively compared by two observers for bowel recognition and ability 
to delineate the margin of normal structures such as the pancreas. 

To assess safety at this dose level, we obtained hematocrit, RBC 
count, WBC count, platelet count, liver function tests, and measure- 
ments of blood glucose, blood urea nitrogen, creatinine, sodium, and 
potassium before and two days after PFOB ingestion. All symptoms 
experienced by the two volunteers acutely and during the next 48 hr 
were recorded. 


Fig. 1.—Coronal MR image of the abdomen in 
a rat. 

A, Before administration of contrast material 
(TR = 2000, TE = 20 msec), intestinal lumen 
(arrows) has intermediate signal intensity similar 
to that of liver (L), and is outlined by high-signal 
mesenteric fat. 

B and C, Coronal images (TR = 2000, TE = 20 
msec in B; TR = 2000, TE = 70 msec in C) made 
30 min after an oral bolus of 16 ml/kg (5 ml total 
volume) of perfluorohexylbromide. Signal void in 
intestinal lumen (arrows) clearly delineates 
bowel. L = liver. 

D, Anteroposterior radiograph shows radio- 
paque perfluorohexylbromide in distribution 
seen on MR. Note that a minimal amount of 
perfluorohexyibromide remains in the stomach 
(arrow). 
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Results 
Animal Study 


No change in bowel signal was observed when the observ- 
ers compared the two MR scans obtained before and after 
sham contrast administration in the four control animals stud- 
ied. In all animals, on both T1- and T2-weighted images PFOB 
and PFHB produced signal void in the bowel lumen that was 
indistinguishable from air. Six of the seven rats given PFC 15 
min before scan time, either a single or double dose, had a 
significant amount of PFC in the stomach. However, 15 min 
after PFC ingestion, the two rats given 13 or 16 ml/kg as a 
single dose showed incomplete bowel filling. The single dose 
given 30 min rather than 15 min before the scan showed 
more complete bowel filling. However, an insignificant amount 
of contrast material remained in the stomach. With the single 
bolus, 16 ml/kg produced more complete filling and distension 
than 13 ml/kg. The MR scan of one of the two rats given 16 
ml/kg 30 min before the scan is shown in Figure 1. The most 
complete bowel filling, including the stomach, was achieved 
when PFC was given in two doses of 8 ml/kg each. A typical 
scan of a rat given 16 ml/kg (5 ml total volume) of PFOB in 
two doses, 2.5 ml 30 min and 2.5 ml 15 min before scanning, 
is shown in Figure 2. 


Fig. 2.—Axial MR images of a rat at level of 
left kidney (k) (TR = 2000 msec, TE = 20 msec). 

A, Preperfiuoroctylbromide image shows 
bowel as intermediate signal (arrow). Black 
areas represent gas-filled loops (arrowheads). 

B, After perfluoroctylbromide given 8 ml/kg at 
15 and 8 ml/kg 30 min before scan (5 mi total 
volume), bowel is filled with signal void (arrows). 


Fig. 3.—Axial images in a volunteer (TR = 
2000, TE = 20 msec). Before (A) and after (B) 
ingestion of perfluoroctylbromide. Note signal 
void in gastric fundus and clear visualization of 
gastric wall (arrow) in B. White signal outlining 
outer margin of gastric wall (arrowheads) is pro- 
duced by retroperitoneal fat on these relatively 
T1-weighted images. 
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Human Study 


The first volunteer was given 525 mi of PFOB in two 
boluses and had no PFOB in the stomach on a scan done 5 
min after the second bolus. However, complete filling of the 
small bowel was achieved. The second volunteer was given 
a total volume of 504 ml, 370 ml taken gradually over 15 min 
and 134 ml as a bolus 5 min before the scan, and had a 
significant amount of PFOB in the stomach and distal small 
bowel, but little or no PFOB in the proximal small bowel. 

In the stomach PFOB allowed the recognition of the gastric 
wall (Fig. 3). The pancreatic margin, which appeared nodular 
on pre-PFOB scans, was smooth and well defined after PFOB 
because of the filling of the gastric antrum and duodenum 
(Fig. 4). Bowel in the midabdomen (Fig. 5) and pelvis (Fig. 6) 
was dark on both T1- and T2-weighted images and was easily 
recognized after PFOB. Bowel motility contributed to the 
poorly defined bowel margin. The laboratory studies were 
normal in both volunteers. One subject had an oily sensation 
in the mouth. Neither volunteer had any gastrointestinal symp- 
toms. PFOB was excreted in liquid form in the stool within 18 
hr after ingestion. 
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Fig. 4.—Axial images at level of pancreatic 
head in same volunteer as that in Fig. 3 (TR = 
2000, TE = 20 msec). 

A, Before perfluoroctylbromide, anterior mar- 
gin of pancreas appears nodular and indistinct 
(arrows). 

B, After perfluoroctylbromide, signal void is 
present in gastric antrum and duodenum show- 
ing pancreas to be normal (arrows). 





Fig. 5.—Axial A, B, scans of volunteer at level 
of aortic bifurcation (TR = 2000, TE = 20 in A; 
TR = 2000, TE = 70 in B) obtained before per- 
fluoroctylbromide show bowel as intermediate 
signal (arrows). Air-filled bowel is dark (arrow- 
head) and water-filled bowel is bright on long- 
TE image (B) (curved arrows). 

C, D, (TR = 2000, TE = 20 in C, TR = 2000, TE 
= 70 in D) obtained after ingestion of 525 mi 
perfluoroctylbromide, signal void fills bowel (ar- 
rows) on both T1-weighted (C) and T2-weighted 
(D) images, indistinguishable from air (arrow- 
head). 


Fig. 6.—Axial image obtained at level of pelvis 
of same volunteer as that in Fig. 3 after ingestion 
of 500 ml of perfluoroctylbromide. Signal void is 
present in small bowel (arrows). 
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Discussion 


The results of these studies in rats and in man suggest 
that PFCs have potential for use as oral MR contrast agents. 
Lacking hydrogen, they produced a signal void in the bowel 
lumen. The decrease in signal intensity caused by PFC is 
more advantageous than the increase in signal produced by 
paramagnetic solutions, since bowel can be better distin- 
guished from adjacent normal or diseased structures. More 
importantly, PFCs darken the bowel lumen on T2-weighted 
images, while paramagnetic solutions at concentrations below 
peak enhancement have little effect on T2 [1, 2]. Recently, 
magnetite has been shown to decrease signal in the stomach 
and bowel on both T1- and T2-weighted images owing to T2 
shortening [5]. Paramagnetic solutions increase signal in the 
stomach and duodenum, but because of dilution this effect is 
lost as the solutions traverse the bowel [1]. Since magnetite 
is administered as a suspension of magnetite albumin, it would 
be expected that its concentration would vary with bowel 
content, possibly affecting the resultant signal. PFC in rats 
and PFOB in man produced signal void from stomach to colon 
because PFCs are immiscible in water. Therefore, their effect 
on the MR signal is independent of bowel content. 

The faster transit time of PFC as compared with Hypaque 
(Winthrop-Breon, New York, NY) or barium [4] permitted 
almost complete filling of the small bowel in the two volunteers 
studied within 30 min. For CT with Hypaque, 90 min are 
required to opacify the bowel. The optimal human dose of 
PFC has not yet been established. While 1000 to 1500 ml of 
Hypaque solution are customarily used for CT, 500 ml of 
PFOB produced significant small-bowel filling. Smaller vol- 
umes of PFC may be sufficient for MR imaging. 

PFOB is inert and nontoxic [3, 4, 6, 7]. Greater than 95% 
of the oral dose is excreted through the gastrointestinal tract 
within 24 hr [3]. In dogs given 32 g/kg (16 ml/kg) orally, 
absorption occurs yielding a detectable level of PFOB in the 
plasma, liver, spleen, and fat [6, 7]. The highest plasma level 
reported is 0.8 ug/ml. PFOB plasma levels decreased with a 
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1-day half-life [6]. Fat showed the highest PFOB concentra- 
tion (20 ug/g). PFOB concentration in fat decreased with a 
9.8-day half-life [6, 7]. Similar tissue distribution patterns were 
observed when PFHB was administered to dogs at a dose of 
16 ml/kg. However, the absorbed PFHB was eliminated with 
a much shorter half-life (hours) than PFOB (days) because of 
its higher vapor pressure [7]. 

When PFOB or PFHB were given orally to dogs and rats 
at 16 ml/kg (32 g/kg), there was no detectable hematologic, 
hepatic, or renal toxicity [4]. No LDso could be determined 
since volumes in excess of 64 ml/kg (124 g/kg), which had 
no mortality, were lost through the rectum [3, 4]. 

PFOB has been given orally as a radiographic contrast 
material to approximately 30 human subjects at a dose of 2 
to 6.7 ml/kg (Long DM, unpublished data). Extensive labora- 
tory tests obtained before and at various time intervals after 
administration showed no change. Minor complaints of an oily 
sensation in the mouth were reported by one of the 30 
subjects. PFHB is not yet available for human use. In this 
study, one of the two patients complained of the oily sensa- 
tion. Neither subject had any adverse effects. 
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Abstracts of papers to be considered for the program must be 
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abstract, application, and four copies of the abstract to the ARRS 
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Opinion 





Academic Radiology: A Personal Reflection on Past and 


Future Challenges 


David G. Bragg' 


| entered the field of radiology as a resident in 1962, at a 
time when our specialty was on the threshold of revolutionary 
change. | will soon complete 20 years as chairman of an 
academic radiology department, a position that has provided 
me with a clear, albeit tumultuous, view of a specialty in 
technological, fiscal, and regulatory evolution. To clarify the 
changing role of academic radiology, | have characterized the 
major problems that have confronted academic radiology in 
the past and that are likely to shape the future, an era 
promising to be of great turbulence in American medicine. 
The health and vitality of radiology as a specialty rest upon 
our collective abilities to provide the service, research, lead- 
ership, and personnel necessary to keep pace with the ac- 
celerating rate of technological innovations and concomitant 
fiscal restraints. 


The Recent Past 
The Simpler Sixties 


In the midsixties, radiology was much less complicated. It 
had a smaller role in clinical medicine and was a less dominant 
political-economic force in academic health science. Faculty 
size was relatively small, research was prominent in only a 
few departments, and competition for residency positions 
was limited. Plain films were the most common technique in 
radiologic practice, and the only subspecialties were neuro- 
logic and pediatric radiology. Wet processing of radiographs 
gave way to ponderous new automatic processing systems, 
which then shrank in size and developing time with each 
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passing year. Dark gave way to light when fluoroscopic image 
enhancement was introduced, first with mirror optics and then 
with television. Fancy equipment, television images, and so- 
phisticated radiologic procedures attracted bright, impres- 
sionable medical students as well as clinicians from other 
specialties who were searching for intellectual excitement and 
more controllable professional lives. As a result, the ranks of 
applicants for residencies swelled, and the quality of radiologic 
residents improved. 


Growth in the Seventies 


Personnel and finances in academic departments of radiol- 
ogy changed dramatically in the seventies. The expansion of 
subspecialties and more labor-intensive procedures stimu- 
lated rapid growth in the number of residency training pro- 
grams and faculty members. In the University of Utah Depart- 
ment of Radiology, the number of faculty members increased 
2V2-fold during the seventies without a parallel increase in 
case load. 

Stimulated by this expansion of quality academic depart- 
ments across the country, faculty moves between depart- 
ments became more frequent. The result was a dispersion of 
the pool of radiologic talent that was characteristic of the 
seventies. 

Later in the decade, increases in personnel, the need for 
ever more costly capital equipment, and additional demands 
for space created a logarithmic expansion of administrative 
pressures and responsibilities for department chairpersons. 





1 Department of Radiology, University of Utah School of Medicine, 50 N. Medical Dr., Salt Lake City, UT 84132. Address reprint requests to D. G. Bragg. 
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These changes altered what had at one time been desirable 
positions for individuals wishing to combine administration 
with research and teaching. Now the positions require a full- 
time commitment to administration, which includes supervis- 
ing a large supporting cast of department managers and 
administrative assistants. 

Despite these increasing pressures, departmental finance 
was relatively uncomplicated in the 1970s. Lucrative percent- 
age contracts with hospitals provided the capital necessary 
to pay for this exponential growth. 


The Turbulent Eighties 


In the eighties, the “new economics” of medical practice 
and more labor-intensive demands of modern radiology have 
resulted in narrow profit margins and insufficient revenue to 
support the large faculties recruited during the seventies. 
Some university departments have been left bankrupt and 
dependent upon institutional support for survival, but hospital 
administrators and medical school deans continue to think of 
radiology departments as “cash cows” and not as endangered 
fiscal entities. Consequently, they have been unwilling to 
provide hard-money support. 

Imaging research emerged from the seventies with greater 
visibility in the academic community, increased grant support, 
and an expanded role within academic departments. Since 
1980, the total dollar pool for radiology research grants has 
tripled, and it has been augmented further by support from 
industry and the private sector. Well-equipped and well- 
staffed research laboratories are now important components 
of many academic radiology departments, and several are 
supported by “megamillions” in research grants. 

The importance of clinical service also has come to the 
forefront. Attention to clinical service has had a low priority in 
some university departments because of a “captive” patient 
population, emphasis on research and teaching, or attention 
to other priorities. We now realize that clinical service also 
must be excellent for a department's survival, but at what 
expense? Must teaching and research suffer? 

This dilemma epitomizes the challenges that have faced 
the radiology department chairperson to the present. In ad- 
dition to these problems, a greater administrative demand 
has been placed on the chairperson by both the institution 
and the department. Most university radiology departments 
are now sizeable business enterprises, requiring leaders with 
knowledge and instincts normally found in business execu- 
tives, not in physicians. Most of us are neither interested in 
nor trained to handle management problems, changing meth- 
ods of reimbursement, and other complex financial matters. 
Despite the addition of numerous business-oriented support 
personnel, administration still consumes almost all of the 
chairperson’s time and energy, quickly making him or her 
Clinically and academically obsolete. In addition to these ad- 
ministrative demands, higher turnover, increasing job frustra- 
tion, and greater recruitment challenges have characterized 
this position. It is no surprise that the attractiveness of the 
position has tended to fade. 
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Challenges for the Future 


Where does this leave us as an academic specialty, and 
how will we cope with future challenges in the areas of service, 
research, leadership, and personnel? As further financial exi- 
gencies evolve, reductions in personnel will be inevitable, 
some of which will compromise the clinical, research, and 
training programs in our medical school departments. 


Service 


Academic radiology departments will need to regard quality 
of service as their most important product; otherwise, their 
academic mission will be unfulfilled. To meet the intense 
competition for patients, efficient, timely, and high-quality 
service must replace what has been traditionally resident- 
centered care. 

University faculty and private radiologists will be thrust into 
ever more competitive struggles, and town-gown relation- 
ships will be a major issue of the future. Physicians in the 
private practice of radiology will have to be concerned with, 
provide support and encouragement for, and be understand- 
ing of the complex environment of an academic radiology 
department. A sense of participation, cooperation, and collab- 
oration will be required to avoid town-gown conflicts born of 
miscommunication, misunderstanding, competition, and ne- 
glect. Developing this collaboration will be an essential step 
to ensure the survival of high-quality radiology and continued 
professional excitement for the specialty in the year 2000 and 
beyond. 


Research 


Radiologists will need to recognize the importance of a 
strong national imaging research program. As a specialty, we 
will have to accept the importance of research as a university 
product, funded appropriately and using between 8% and 
10% of our practice and institutional revenues. We will need 
to rank our most pressing research needs collectively and 
lobby effectively for grant support through federal and private 
sectors. Finally, we will have to encourage the participation 
and support of commercial suppliers to join in this research 
effort. The role of the government, community and academic 
practices, and industry in supporting common research goals 
will need to be determined on an ongoing basis. A highly 
visible, centralized imaging research unit within the National 
Institutes of Health must be established in the near future. 

Research in a free-enterprise system will always be a 
meritocracy, with the more ambitious and successful pro- 
grams continuing to receive support and the “have not” 
programs floundering or dropping out in discouragement. We 
will have to recognize this fact and decide whether to rally to 
the support of the more successful programs. 


Leadership 


Radiologic battles for turf will be fought on university 
grounds first and then later imposed on the private practice 
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community. Leadership is a key issue here. The outcome of 
these conflicts largely depends on the will and energy of the 
chairpersons of the various departments involved, as well as 
on the quality and professional standards of the faculty of 
those departments. Such conflicts are ongoing and currently 
involve MR imaging, nuclear medicine, sonography, cardio- 
vascular radiology, musculoskeletal radiology, and many of 
the interventional procedures. Individuals in private practice 
need to be aware of, concerned by, and supportive of the 
efforts being made by radiology department chairpersons, as 
the professional environment for private practice of the future 
will be affected directly by the results of these deliberations. 


Personnel 


The future quality and character of radiology will be affected 
greatly by the individuals who enter the specialty through our 
residency programs. We will have to address questions such 
as “Do we need all of the more than 200 such programs? Are 
they of the quality we desire?” The ranks of private practice 
are nearly saturated, and estimates indicate that there will be 
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an oversupply of radiologists by 1990. Administrators of all 
training programs will have to come to grips with this reality 
and set the number of resident positions in their institutions 
on the basis of the quality of the program and future needs 
for personnel rather than on demands for service. 

Qualified individuals will need to be encouraged to prepare 
for and pursue a career in academic radiology. These individ- 
uals will have to be skilled clinically, gifted scholastically, 
trained in research, and stimulated by the intellectual chal- 
lenges that we face. 

Finally, a critical problem will continue to be the shortage 
of interested and qualified radiologists to serve as department 
chairpersons. We will have to convince talented radiologists 
that their leadership is essential in meeting the financial, 
administrative, service, research, and personne! challenges 
that represent the future of academic radiology. It will be the 
charge of these chairpersons to provide the nucleus for 
cooperation and collaboration between private practices and 
academic departments so that our future resources, products, 
and practice goals will be capable of meeting the challenges 
that will face our specialty. 
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Letters 





Likelihood Ratio 


In the December 1986 issue of AJR, Black and Armstrong [1] 
discussed the potential value of the likelihood ratio (LR) as a means 
of communicating to clinicians the impact that positive or negative 
test results have on the probability of disease. Several days after | 
read this article, my December 1986 issue of the Journal of Nuclear 
Medicine arrived. | read with considerable interest a case report by 
Ginsberg et al. [2] that described a patient with a hepatic angio- 
sarcoma. The patient’s imaging pattern on a three-phase *°"Tc-RBC 
scan was identical to the pattern that had previously been described 
as 100% specific for hemangioma. 

Given the likelinood ratio of infinity for a positive test result as 
calculated by Black and Armstrong on the basis of information 
available at the time of their article, the posttest odds of hemangioma 
with a positive test (posttest odds = pretest odds x LR) cannot be 
changed to anything less than infinity. Few imaging studies stand the 
test of time in regard to 100% sensitivity or specificity. In addition, 
relatively new studies tend to show decreasing sensitivity and spec- 
ificity over time until a relatively stable plateau is reached, often years 
after the initial work has been performed. Although it is difficult to 
calculate, | think that an additional factor needs to be added to the 
determination of the likelihood ratio. It would take into account the 
difference between those imaging studies that have been studied in 
a wide range of patients over a long period of time and those studies 
that are relatively new and have not been investigated as thoroughly 
and, as a result, may not have yet reached a relatively stable plateau 
with respect to sensitivity and specificity. 

| find that the likelihood ratio is a useful concept in imaging and 
think that it is potentially a valuable tool, but refinement is necessary 
to protect its credibility and the credibility of the radiologist who is 
interpreting the study. 

Mark F. Fisher 
St. Alexius Medical Center 
Bismarck, ND 58501 
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Reply 


Fisher is perfectly correct in suggesting that the precision of any 
likelihood ratio depends on the amount of data from which the 


estimate is derived. Indeed, this dependency exists for all experimen- 
tally derived estimates, including sensitivity and specificity. The pre- 
cision of any such estimate is represented best by using a confidence 
interval. The range of the confidence interval is inversely related to 
sample size. 

A useful approximation for a confidence interval around an ob- 
served proportion p was presented by Simon [1]: 


[p + A/2 + Z Vp(1 — p)/n + A/4nj/(1 + A) 
where A = Z?/n, n = sample size, Z = 1.96 


For the determination of a 95% confidence interval, Z equals 1.96. 
For small n, this formula is more accurate than the more commonly 
seen formula, p + Z vp(1 — p)/n, which does not permit calculation 
of an interval when p is 0 or 1. 

According to this method, if a test detects disease in nine out of 
10 patients with disease, then there is a 95% probability that the 
sensitivity of the test is between 0.60 and 0.98. If this test were to 
detect disease in 900 of 1000 patients with disease, then the 95% 
confidence interval for the test’s sensitivity would be 0.88-0.92. The 
importance of using confidence intervals when reporting experimental 
results has been stressed recently in the medical literature [1]. 

To address Fisher's specific example of °°"Tc-RBC liver scintigra- 
phy for the diagnosis of hemangiomas, we can analyze the data from 
Rabinowitz et al. [2] depicted on a binary table (Table 1). Applying 
the method of Simon to these data, we calculate the 95% confidence 
intervals for the sensitivity and specificity to be 0.58-0.96 and 0.87- 
1.0, respectively. Because no false-positive results were reported, 
the lower limit of the 95% confidence interval for the specificity 
alternatively can be determined by using a simple method based on 
the binomial distribution. Solving the equation (1 — X}® < 0.05, we 


TABLE 1: Analysis of Data from Rabinowitz Study 
SNM ES RE A SS EY ES Sa RS EES SD CURES 


Scintigram Hemangioma Other Total 
Positive 11 0 11 
Negative 2 26 28 
Total 13 26 39 
Sensitivity = 11/13 = 0.85 [0.58-0.96] 
Specificity = 26/26 = 1.0 [0.87-1.00] 


LR = (11/13) + (0/26) = Infinity [NA] 
LR. = (11.5/14) + (0.5/27) = 
44.4 [33.6-58.7] 
Ce Sk R EE EE a e SS 
Note.—Numbers in brackets are the 95% confidence interval. 
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TABLE 2: Analysis of Hypothetical Data 
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Scintigram 


Positive 
Negative 


Total 
Sensitivity = 1100/1300 = 0.85 
Specificity = 2600/2601 = 1.0 
LR = (1100/1300) + (1/2601) = 2201 
LR. = (1100.5/1301) + (1.5/2602) = 1467 


Hemangioma Other Total 
1100 1 1101 
200 2600 2800 
1300 2601 3901 
[0.83-0.87] 
[0.99-1.0] 
[NA] 


[1460-1474] 


ae 


Note.—Numbers in brackets are the 95% confidence interval. 


find that there is a 95% probability that the specificity (X) is at least 
0.89. (We recognize that different methods tend to give slightly 
different confidence intervals, especially when sample size is small or 
the observed proportion is close to 0 or 1.0.) 

The confidence interval for a likelihood ratio can be derived in the 
following manner. First, we recommend calculating a conservative 
estimate for the likelihood ratio (LRc) to allow for small sample size 
and eliminate the possibility of division by zero. One such estimate, 
advocated by Feinstein [3] for the odd’s ratio, is obtained by adding 
0.5 to each cell of the binary table before performing the necessary 
division. If this method is used, the likelihood ratio calculated from 
Table 1 is 44.4, amore credible estimate than infinity. Next, the upper 
and lower limits of the 95% confidence interval are calculated as 
follows [4]: 


LR" + 1.96/x?) 


where x? is the familiar chi-square statistic for the binary table. 

Appiying this formula to Table 1 yields a 95% confidence interval 
of 33.6-58.7 for LRc. If the cumulative data on *"Tc-RBC liver 
scintigraphy were 100 times as great as that reported by Rabinowitz 
et al., with only one false-positive result, then a conservative estimate 
for the likelinood ratio would be 1467, with a 95% confidence interval 
of 1460-1474 (Table 2). Similarly, the confidence intervals for the 
sensitivity and specificity would be much narrower than those deter- 
mined solely from the data of Rabinowitz et al. 

This analysis illustrates how sample size greatly influences the 
precision of quantitative estimates of test performance. We appreci- 
ate Fisher's thought-provoking letter and hope that our reply is helpful 
to him and others who are interested in the application of sensitivity, 
specificity, and likelihood ratio. 

William C. Black 

Peter Armstrong 

University of Virginia Medical Center 
Charlottesville, VA 22908 
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The Future of Interventional Radiology 


| would like to make some broad comments about the future of 
interventional radiology from my perspective as a fellow in this 
subspecialty. Interventional radiology often is described as a new or 


developing subspecialty even though the pioneers in this field, such 
as Dotter, Abrams, and Amplatz (to name but a few), began work in 
this area 30 years ago. Although not at all new, interventional radiol- 
ogy is probably the least secure of all radiology subspecialties, partly 
because it exists in a gray zone between conventional diagnostic 
radiology and the clinical specialties. Many radiologists are uneasy 
with the invasive, clinical aspects of the subspecialty, and many 
clinicians, for a variety of reasons, would like to perform interventional 
radiology procedures themselves. These factors make the future of 
interventional radiology uncertain. 

My reservations about a bright future for interventional radiology 
are based on the following observations. 

First, interventional radiology procedures have flourished partly 
because they provide simple, ingenious alternatives to surgical pro- 
cedures that are often more risky and more expensive. It is not 
surprising, therefore, that those whose skills are replaced by these 
new techniques would want to participate in the expansion of inter- 
ventional radiology. In a recent article, Shafton [1], a surgeon, stated: 
“. , . undoubtedly the general surgeon who treats trauma patients will 
have to avail himself (or herself) of the opportunities to learn and 
practice these interventional radiographic techniques ... these new 
methods will be an extension of trauma surgery, with a recognition 
that the radiographic equipment is incidental, not integral to the 
manual skills these procedures require.” 

Second, the angiographic techniques used today by the cardiolo- 
gist were for the most part developed by interventional radiologists 
20 to 30 years ago. Partly because of the lack of interest by 
radiologists then and now largely because of financial considerations, 
cardiac imaging has become primarily the domain of the cardiologist. 
Arguments about self-referral and radiation safety have changed little, 
and the performance and interpretation of radiologic tests by cardiol- 
ogists is now the status quo. 

Third, the techniques of endourology developed by interventional 
radiologists over the last 10 years rapidly are being assumed by the 
urologist who usually has been taught percutaneous procedures by 
a radiologist. In our section, the urology resident, under the guidance 
of the radiology staff, is given preference over the radiology resident 
in the performance of percutaneous nephrostomies. The argument is 
that if we do not acquiesce to urology’s demand to teach their 
residents these procedures, the residents simply will do the proce- 
dures themselves without our help. As was true with cardiology, the 
radiologist is powerless in this situation because the urologist controls 
the patient. 

The lessons of the past are clear. Because interventional radiology 
lacks control of patients, it will continue to fall prey to those in the 
Clinical specialties who, for both financial and professional reasons, 
elect to perform these procedures themselves. At present, interven- 
tional radiology exists as a collection of techniques that encompass 
every organ system in the body. Any cardiologist, gastroenterologist, 
urologist, or general surgeon with an X-ray machine and some 
bravado can attempt to perform these techniques. In fact, | think it is 


1274 


likely that those who control the patient will begin to perform inter- 
ventional procedures more often themselves. There is more than 
enough precedent in cardiology, orthopedics, and neurosurgery. 

| am convinced that interventional radiology must establish itself 
aggressively as a clinical subspecialty of radiology with its own referral 
base of primary-care physicians if it is to survive. Ideally, the interven- 
tional radiologist should function on an equal footing with other 
medical consultants, such as the vascular surgeon, the cardiologist, 
and the urologist, who receive their patients from primary-care phy- 
sicians, such as family practitioners and internists. Interventional 
radiologists should view themselves not as technicians who perform 
procedures whenever requested but as consultants who can evaluate 
a patient, provide radiologic treatment, and then return the patient to 
the care of the primary physician. Under certain circumstances, this 
may require that the interventional radiologist admit the patient under 
the radiologist’s care. Although this approach is used in several 
institutions around the country, it is far from the norm. 

The choice is clear. If interventional radiology exists only as a 
hodgepodge of catheter-related techniques, eventually it will be di- 
vided up among the clinical specialties it serves. With the proper 
political and economic support of the radiology community, however, 
we can build more effective referral patterns and establish ourselves 
as equals rather than stepchildren of the clinical specialties. 

Andrew H. Cragg 
University of Minnesota Hospital and Clinic 
Minneapolis, MN 55455 
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Reply 


The letter by Dr. Cragg provoked an impromptu discussion among 
five interventional radiologists, who practice both in academia and in 
private practice. What follows are the highlights of our considerations 
of the issues raised by Dr. Cragg. 

All five of us noted that our practices are increasing in volume. 
Similarly, the scope of procedures is widening. We thought this was 
due to several factors: (1) Radiologists have been willing to act as 
Clinicians (i.e., provide follow-up, make ward rounds, and be available 
24 hr a day, 7 days a week). (2) Clinicians have been involved in 
other procedures more akin to training and experience as surgeons. 
In no case, however, were any of us aware of a surgeon wanting to 
do any radiology procedures. (3) Imaging and intervention are inte- 
grated aspects of interventional radiology. This places the radiologist 
in an active day-to-day “diagnostic” position with referring clinicians. 
We thought that waiting for cases and acting as a consultant alone 
were features of a less active and involved role. Imaging is an essential 
part of interventional radiology, and clearly it is best done by radiol- 
ogists. It was stressed that radiologists must be knowledgeable in 
organ system pathophysiology and neither act, nor be thought of, as 
technicians alone. Also, radiologists must continue to be more profi- 
cient in interventional radiology procedures and to provide primary 
training in these procedures to other radiologists. 

We drew a parallel between all other areas of diagnostic radiology 
that are threatened by inappropriate nonradiology incursions: nonra- 
diologists doing and reading studies that involve imaging, nuclear 
medicine, plain film radiography, sonography, CT, and MR. Some 
members of our group thought this was potentially a far greater 
problem. 

We thought that ownership by radiologists of all major radiographic 
equipment was essential. Similarly, we thought that nonradiologists 
had neither the facility nor the know-how to interrelate and use 
correctly the array of diagnostic machinery. Having them do so would 
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be a major drawback to patient care. We thought that whenever 
radiology machines were used for interventional procedures, radiol- 
ogists were uniformly technically superior to nonradiologists. Also, 
nonradiologist clinicians who would perform these radiologic proce- 
dures would be engaged in self-referral. 

Unlike, for example, gastroenterologists who might take a sur- 
geon's patient away, the consensus was that radiologists are con- 
sultants. Therefore we are viewed as colleagues rather than as a 
threat to surgeons. 

Increasingly, the medical students attracted to radiology today are 
members of the new, aggressive breed. These quasi-surgical types 
are oriented toward, expect, and will endeavor to do interventional 
procedures. 

Interventional radiologists should not put all their eggs in one or 
two baskets (i.e., procedures). The more diversified in scope the 
procedures are (chest, gastrointestinal, genitourinary, bone, vascular, 
oncologic), the broader the base of clinical support will be. 

Local issues and personalities within and outside radiology always 
will govern individual situations. The support for interventional radiol- 
ogy by radiology departments, radiology and hospital administrators, 
and national radiology organizations should help keep interventional 
radiology strong. 

Most of us have had a local issue that eventually was decided in 
favor of radiology. We thought this was due to strong departmental 
support and dedication by the radiology teams involved. Although 
some of us do admit patients, this privilege was not considered 
essential and perhaps might be unduly threatening to clinicians. Dr. 
Cragg’s concerns should encourage a vigilance and a rededication 
to the importance of radiology and the important role radiologists 
play in providing the best possible care for patients. 

Eric vanSonnenberg 

Giovanna Casola 

University of California, San Diego, Medical Center 
San Diego, CA 92103 

Peter R. Mueller 

Massachusetts General Hospital 
Boston, MA 02114 

Gerhard R. Wittich 

University of Vienna 

Vienna, Austria 

Courtney C. Neff 

Salem Hospital 

Salem, MA 01970 


Hydrogel Wound Dressing: A Versatile Aid in 
Troublesome Sonography 


Patients with open abdominal wounds or extensive scars are 
difficult to examine by sonography. Geliperm is a sterile-packed 
hydrogel dressing [1], which, when applied to such wounds or scars, 
permits sonography without contamination (Fig. 1). 

The hydrogel provides a good contact medium and no other 
lubricant is necessary. The material is soft and adapts to uneven 
surfaces without interposition of air. Geliperm is a new, transparent 
hydrogel bandage intended for application on wounds, burns, and 
grafts [2]. It consists of polysaccharide imbedded in a fluid-absorbing 
organic polyacrylamide derivative and is commercially available in 
Europe and the United States (Fougera; Atlanta, GA; New York, NY), 
as separately packaged, sterilized sheets of different sizes (13 x 12 
and 26 x 12 cm). The width of the pores in the material allows free 
passage of molecules with a molecular weight up to one million 
Dalton. Since microorganisms cannot penetrate Geliperm, the mate- 
rial protects against contamination. Secretions are absorbed and the 
Geliperm does not stick to uneven surfaces, such as open wounds 
and granulation tissues, because of its hydrogel content. 


AJR: 148, June 1987 


k 
\ k:a i 
j r, i Th s 7 
# : 
" 


Fig. 1.—Geliperm sheet is applied on open abdominal wound allowing 
sonography in this specific region. 


We have had good results with Geliperm in 19 patients with 
abnormalities of the abdominal wall that would have interfered with 
sonography. An alternative use for this material is the application in 
interventional procedures done under sonographic guidance, such as 
diagnostic biopsies and drainage procedures. The local anesthesia, 
the initial incision, and the guided procedure all can be performed 
through the Geliperm sheet without the need for any sterile contact 
medium. 

Leo E. H. Lampmann 
Robert J. Versteylen 
Elisabeth Hospital 
Tilburg, The Netherlands 
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Extreme Asymmetry of a Trileaflet Aortic Valve 


We report a case in which the en face lines of closure of the aortic 
valve leaflets as seen by two-dimensional echocardiography were 
shaped like a T-on-its-side, rather than a Y, because of a much 
oversized left aortic cusp. While lesser degrees of aortic leaflet 
asymmetry have been described [1], this is the first report of such an 
extreme variation. 

The patient, an asymptomatic 13-year-old girl, was found to have 
an aortic diastolic murmur on a routine physical examination. Cardiac 
examination revealed intermittent, multiple, systolic, apical clicks, and 
a grade 1/6 soft, blowing decrescendo murmur at the aortic area. 
There were no systolic murmurs. The M-mode echocardiogram 
showed a fine diastolic flutter of the anterior mitral leaflet. The aortic 
valve, the aortic root diameter, and the left ventricular diameter were 
normal. The parasternal short-axis view of the two-dimensional real- 
time echocardiogram showed an asymmetric three-cusp aortic valve. 
The left cusp occupied about half of the aortic orifice cross-sectional 
area, and the right and posterior cusps occupied about a quarter 
each (Figs. 1 and 2). In systole, the large left cusp seemed to open 
incompletely, so as to appear to offer a partial obstruction to the 
forward flow of blood. The parasternal long-axis view showed a mild 
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Fig. 1.—Parasternal short axis two-dimensional echocardiographic view 
of heart at level of aortic root. Note T-on-its-side configuration of line of 
closure of aortic cusps in diastole. 

Fig. 2.—Diagrams of (A) normal Y pattern (“inverted Mercedes-Benz 
sign”) of en face line of closure of aortic cusps and (B) T-on-its-side 
pattern in our patient. 


prolapse of both imaged aortic cusps. The pulmonic valve was 
normal. The tricuspid valve showed mild prolapse of both anterior 
and posterior leaflets. 

Cardiac Doppler studies were normal, thereby excluding severe 
aortic stenosis with an aortic gradient of 50 mm Hg or more, or aortic 
regurgitation. An electrocardiogram, a treadmill EKG stress test, and 
a 24-hr Holter monitoring were normal. 

The significance of cases of severe asymmetry of trileaflet aortic 
valves, of which our case is an extreme example, probably is the 
same as that of bicuspid valves: increased wear-and-tear on the 
leaflets, causing an increased tendency to become fibrotic and calci- 
fied, and, therefore, to develop aortic stenosis and/or insufficiency, 
and bacterial endocarditis. 

Myron R. Schoenfeld 

Raja Reddy 

Gloria Edis 

Life-Line Special Medical Services 
Scarsdale, New York, NY 10583 
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Mesenchymal Hamartoma of the Liver in Childhood 


We read with interest the report by Stanley et al. [1], in which the 
authors stated that some sonographic findings appear to be specific 
for cystic mesenchymal hamartoma. We agree that a large, predom- 
inantly cystic hepatic mass with internal septa in an infant is charac- 
teristic of this tumor [2, 3]. 

The purpose of this letter is to document a new sonographic sign 
in multiloculated mesenchymal hamartoma—the presence of mobile 
septa—that might help narrow the differential diagnosis of a predom- 
inantly cystic hepatic mass. 

We have recently studied an 11-month-old boy with a 1¥2-month 
history of an asymptomatic abdominal swelling that had grown con- 
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siderably larger during the week before admission. Sonography (Fig. 
1, above) showed a large mass in the right and left lobes of the liver 
with a complex, but predominantly cystic, echo pattern. Within the 
cystic spaces there were linear branching echoes suggestive of 
septation or trabeculation. On real-time sonography they moved in a 
gentle “wave” fashion. A radioisotope liver-spleen scan showed a 
large photon-deficient area in the liver. The mass was surgically 
excised and the pathologic diagnosis was mesenchymal hamartoma. 
The phenomenon of the mobile septa is probably a reflection of 
transmitted respiratory motion and vascular pulsations. The presence 
of (1) serous fluid within the cyst and (2) thin, loose mesenchymal 
septa with the absence of a pseudocapsule will favor this phenome- 
non. Other cystic hepatic lesions with viscous liquid, thick and rigid 
trabeculations, or well-defined fibrous pseudocapsule considered in 
the differential diagnosis (e.g., hydatid cyst or undifferentiated em- 
bryonal sarcoma) are unlikely to exhibit this finding. 

Although this is an isolated observation, we think that when a liver 
mass is found in an asymptomatic patient who is less than 2 years 
old, the presence of thin mobile septa within the predominantly cystic 
component strongly suggests the diagnosis of mesenchymal hamar- 
toma. 

Luis Marti-Bonmati 

Ramon Olague 

Hector Cortina 

Hospital LA FE Clinica Infantil 
Valencia, Spain 46009 
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Reply 


| thank Marti-Bonmati et al. for their letter. In none of our patients 
was particular attention directed towards movement of the septa 
within the mesenchymal hamartoma seen on real-time sonography. 
We cannot comment on how frequently this observation will be 
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Fig. 1.—A and B, Longitudinal sonograph, 
same scan level. Different configuration and un- 
dulating appearance of septa are due to their 
movement. 


present but will pay particular attention in future cases. We appreciate 
their interest in our paper. 

Philip Stanley 

Childrens Hospital of Los Angeles 

Los Angeles, CA 90054 


CT Demonstration of Gastric Carcinoid 


Carcinoid is a relatively rare neoplasm occurring in the lung, 
alimentary tract, biliary tract, and ovary. The radiographic features of 
gastrointestinal carcinoids, including gastric carcinoids, have been 
well described and categorized by Balthazar [1]. However, to our 
knowledge, there has been no report in the literature of the CT 
findings of gastric carcinoids. 

A 57-year-old white man presented to our institution with 40-Ib 
(18-kg) weight loss, anemia, and guiac-positive stools. A large lesser 
curvature gastric mass with low-density areas, probably representing 
sites of necrosis, was noted on abdominal CT (Fig. 1A, on next page). 
A subsequent gastrointestinal series showed a large, polypoid, ulcer- 
ated tumor, circumferentially involving the proximal stomach and 
extending into the distal esophagus (Fig. 1B, on next page). Surgery 
revealed a large (23 x 14 x 4 cm) ulcerated gastric mass involving 
both gastric walls and perigastric adipose tissue and extending into 
the distal esophagus and left lobe of the liver. A distal esophagogas- 
trectomy and resection of the left lobe of the liver were performed. 
Pathologic analysis, including electron microscopy that showed neu- 
rosecretory granules, yielded the diagnosis of gastric carcinoid. 

Although our finding of a large, ulcerated gastric mass was by no 
means pathognomic for carcinoid, it does illustrate that carcinoid 
should be included in the differential diagnosis of a large gastric mass 
on CT. However, in the right clinical setting (typical rash, hormonal 
abnormalities, or associated tumors) the CT findings may suggest 
the definitive diagnosis. 

Arthur Fruauff 

Gerald A. L. Irwin 

Howarc C. Williams 

Burton Gold 

Nassau County Medical Center 
East Meadow, NY 11554 
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Fig. 1.—A, CT scan shows large lobulated 
mass involving stomach and protruding into 
lesser sac. 

B, Spot film from double-contrast upper gas- 
trointestinal series shows large circumferential 
mass involving body of stomach and extending 
up to esophageal junction. 


Sonography of the Hypertrophied Column of Bertin 


In the January 1986 issue of the AJR Lafortune et al. [1] described 
the sonographic characteristics of the hypertrophied column of Bertin 
and showed in their prospective study that it occurred in almost one- 
half of all the kidneys examined. They stated that its sonographic 
appearance—namely, an isoechoic projection of the renal cortex into 
the renal sinus with no acoustic enhancement behind it and a smooth 
renal contour—was sufficiently characteristic that it obviated further 
investigation. 

Although we agree with their observations, we disagree with their 
conclusion that no further investigations are necessary because a 
neoplasm may arise from the inner aspect of the renal parenchyma 
or column of Bertin and fulfill all the sonographic characteristics of a 
hypertrophied column of Bertin. As proof of this, we offer two 
examples. 

First is an example from our hospital of an isoechoic renal cell 
carcinoma arising from a column of Bertin, which essentially fulfilled 
the criteria of Lafortune et al. for a hypertrophied column of Bertin. A 
57-year-old woman was referred for abdominal sonography because 
of jaundice. The liver appeared normal but an incidental finding was 
a 2.3-cm isoechoic mass projecting into the lower half of the left renal 
sinus associated with a smooth depression in the renal contour 
overlying a portion of the mass (Fig. 1A). The mass was reported as 
a probable hypertrophied column of Bertin. A CT scan was performed 
to further assess the liver, and it showed the mass in the left kidney 
to be isodense on unenhanced scans and hypodense on enhanced 
scans (Fig. 1B), findings that are incompatible with a hypertrophied 
column of Bertin and that suggest neoplasia. A selective renal arte- 
riogram showed a hypovascular mass displacing surrounding vessels, 
and neovascularity was evident on the postepinephrine arteriogram 
(Fig. 1C). The urographic phase revealed splaying of intact calyces. 
A radionuclide scan was not obtained. 

The patient underwent nephrectomy, and examination of the ne- 
phrectomy specimen with a high-frequency ultrasound transducer 
confirmed that the lesion was isoechoic with the renal cortex, and 
some scans showed a thin hyperechoic interface between the lesion 
and the renal parenchyma (Fig. 1D) that could not be seen on the in 
vivo sonogram (Fig. 1A). 

The pathologic diagnosis was renal cell carcinoma, predominantly 
clear cell pattern with a solid cellular arrangement (nonpapillary). The 
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lesion clearly arose from a column of Bertin and was surrounded by 
a thin pseudocapsule (Fig. 1E). 

One could argue that the focal indentation of the renal surface 
overlying the lesion in this example does not satisfy the criterion of 
Lafortune et al. for a smooth renal contour. Such variations in renal 
contour, however, are common, whether the result of focal scarring 
or developmental indentations, and they are not an indication for 
further investigation to exclude underlying malignancy. In our case, 
the focal indentation was probably the result of ischemia caused by 
the neoplasm despite its hypovascularity. 

The second example is case 8 (not shown here) illustrated in the 
article by Blei et al. [2], which is an isoechoic papillary renal cell 
carcinoma that meets all of the sonographic criteria of Lafortune et 
al. for a hypertrophied column of Bertin. It was this case that caused 
Leekam et al. [3], in a retrospective sonographic study of hypertro- 
phied columns of Bertin, to recommend a radioisotope scan when 
their five major criteria were satisfied, but their two minor criteria 
were not. 

We hope that these two examples serve to caution your readers 
that the sonographic diagnosis of hypertrophied columns of Bertin is 
not infallible and that enhanced CT scans or radioisotope scans are 
necessary to confirm the diagnosis. 


Richard E. Seppala 

D. lan Hammond 

Claude T. Vezina 
Pasteur Rasuli 

Ottawa General Hospital 
University of Ottawa 
Ottawa, Ontario K1H 8L6 
Canada 
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Reply 


We thank Seppala et al. for their comments and the convincing 
look-alike of a hypertrophied column of Bertin. Their case is perhaps 
the exception that proves the rule. There was certainly no such case 
in our series of 30 patients with large columns of Bertin. Conversely, 
in a series of 48 cases of hypernephromas, we have not found one 
tumor that was isoechoic with the cortex or one that did not affect 
the external contour of the kidney, even though the smallest detected 
lesion was 2 cm. 

How can one avoid the pitfall that Seppala et al. describe? The 
sonographic difference between a large column of Bertin and a small 
hypernephroma in the same location is one of echogenicity, and this 
difference depends on resolution and therefore on a high transducer 
frequency. 

The in vitro examination by Seppala et al., performed with a higher 
frequency transducer than the in vivo examination, outlines the lesion 
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Fig. 1.—57-year-old woman with jaundice. 

A, Coronal sonogram of left kidney showing 
isoechoic mass projecting into renal sinus. 

B, Enhanced CT scan showing hypodense 
mass projecting into sinus of left kidney. 

C, Postepinephrine left renal arteriogram 
showing neovascularity (arrows). 

D, Magnified transverse sonogram of left ne- 
phrectomy specimen showing isoechoic appear- 
ance of the mass (black arrows) and probable 
pseudocapsule (white arrows). 

E, Longitudinal section of part of nephrectomy 
specimen showing renal cell carcinoma (arrows) 
arising from column of Bertin. 


as a separate entity from the surrounding cortex. This is a difficult 
case, requiring the best available sonographic equipment and tech- 
nique with the highest possible transducer frequency, as the in vitro 
films show. (It is unlikely that nuclear medicine studies would have 
outlined this lesion of <2 cm.) High-resolution infusion CT might be 
the instrument of choice in suspicious cases. 

The example from Blei et al. should not cause confusion with a 
hypertrophied column of Bertin; this mass is completely surrounded 
by the sinus, rather than protruding into it from the cortex. This is, in 
fact, the opposite of the classic appearance of a prominent column 
of Bertin. 


Michel Lafortune 

Guy Breton 

Saint-Luc Hospital 
Montreal, Quebec H2X 3J4 
Canada 


Letters are published at the discretion of the Editor and are subject to editing. 
Letters to the Editor must not be more than two double-spaced typewritten pages. One or 
two figures may be included. See Author Guidelines for letters, page A5. 


Letters concerning a paper published in the AJA will be sent to the authors of the paper for a 
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News 





Magnetic Resonance Imaging for Technologists 


The Department of Radiology, Baylor College of Medicine will 
sponsor nonmathematical courses on the principles of MR imaging, 
June 19-20, Sept. 11-12, and Dec. 4-5 in Houston, TX. The courses 
will include nuclear magnetism, relaxation times, and how pulse 
sequence selection alters image appearance. Category 1 credit: 18 
hr. Fee: $200. Information: Dr. Stewart C. Bushong, Dept. of Radiol- 
ogy, Baylor College of Medicine, Houston, TX 77030; (713) 799- 
4416. 


University of California, Davis, Courses 


The Department of Radiology of the University of California, Irvine, 
and the Great Teachers International Foundation will sponsor the 
following courses. Advanced Imaging Tutorials in Bone and Chest 
Diagnosis, June 20-July 6, in Helsinki, Finland, and Leningrad, Suz- 
dal, Moscow, USSR; Disorders of Bone—Clinical Problems and 
Imaging Solutions, July 1-8, on an Alaska Cruise; Ultrasound (Dop- 
pler) and Interventional Radiology—the Cutting Edge, July 25-Aug. 
1, St. Thomas, Virgin Islands; Pediatric Radiology and Imaging of the 
Chest, Aug. 7-14, Edinburgh, Scotland; MRI, CT, and Conventional 
Imaging Techniques in Renal Diseases of the Thorax and Medias- 
tinum, Sept. 12-25, in Singapore, Bangkok, and Hong Kong; Clinical 
Diagnostic Problems—Down Under, Oct. 1-20, in Australia, New 
Zealand and Fiji; Ultrasound (Doppler) in Clinical Practice, Jan. 16- 
24, 1988, in Rio-Buenos Aires. The Great Teachers Weekend Meet- 
ings “Practical Tutorials in Ultrasound (Doppler and Duplex Doppler), 
Interventional Radiology and Advanced Thoracic Imaging” will be held 
July 9-12, in Washington, DC; Sept. 19-20, in New York, NY; Oct. 
10-11, in Philadelphia, PA; and Nov. 7-8, in Atlanta, GA. Category 1 
credit: 26 hr. Fee: $475 for all off-shore meetings. Category 1 credit: 
18 hr for weekend meetings. Fee: $375 for weekend meetings. 
Information: Ryals & Associates, P.O. Box 920113, Norcross, GA 
30092-0113; (404) 641-9773. 


Radiology Conference at the Greenbrier 


The Department of Diagnostic Radiology of Allegheny General 
Hospital, Allegheny Health Services, Inc., and Allegheny Radiology 
Associates, Ltd., will present the 5th Annual Radiology Conference 
at the Greenbrier resort in White Sulphur Springs, WV, July 8-12. 
Faculty will discuss recent clinical developments in MR imaging, CT, 
sonography, angiography, and interventional radiology. Guest faculty: 
J. R. Haaga, G. M. Glazer, G. D. Marano, K. J. W. Taylor. Program 


directors: Anthony R. Lupetin and Irwin Beckman. Category 1 credit: 
18 hr. Fee: $390: physicians; $250: residents. Information: Sandra 
Johnston, Dept. of Continuing Education, Allegheny General Hospital, 
320 E. North Ave., Pittsburgh, PA 15212-9986; (412) 359-4952. 


Breast Imaging Seminar 


The Radiology Depts. of Magee-Women's, Montefiore, and West- 
ern Pennsylvania Hospitals will join Shadyside Hospital in sponsoring 
the 7th Annual Breast Imaging Seminar, July 24-26, at The Westin 
William Penn Hotel, Pittsburgh, PA. The course will cover areas of 
current interest and controversy in breast imaging in lectures, pane! 
discussions, and practical workshops. Category 1 credit: 11 hr. Fee: 
$250: physicians; $125: residents, fellows, and technologists. Infor- 
mation: Wendy Scherger, Shadyside Hospital, Radiological Sciences 
& Diagnostic Imaging, 5230 Centre Ave., Pittsburgh, PA 15232; (412) 
622-2085. 


Symposium on Breast Disease: Diagnostic Imaging 
and Current Management 


The Dept. of Radiology and the Office of Continuing Medical 
Education of the University of Michigan Medical Schoo! will sponsor 
a symposium on breast disease, Aug. 9-14, at Grand Traverse Resort 
Village, Grand Traverse Village, MI. Guest faculty: |. Andersson, 
Malmö, Sweden; S. A. Feig, Philadelphia, PA; and M. Moskowitz, 
Cincinnati, OH. Course director: Droit D. Adler. Category 1 credit: 20 
hr. Fee: $390: physicians; $290: allied health professionals. Informa- 
tion: Gayle Fox, Office of Continuing Medical Education, The Univer- 
sity of Michigan Medical School, Towsley Center, Box 0201, Ann 
Arbor, MI 48109-0201; (313) 763-1400. 


Magnetic Resonance Imaging: a Technologist’s 
New World 


The Dept. of Radiology of the University of South Florida College 
of Medicine will sponsor a seminar “The Magnetic Resonance Imag- 
ing: a Technologist’s New World,” Sept. 10-12, on the grounds of 
the Peabody Orlando, Orlando, FL. The format, which will include 
lectures and panel discussions, is designed to introduce the basic 
essentials of MR imaging methods, system operation, fundamental 
anatomy, and clinical interpretation. Program directors: Sherry Kersey 
and Martin L. Silbiger. Category 1 credit: 16 hr. Fee: $350: physicians; 
$275: technologists, residents, and fellows. Information: Charleen 
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Krissman, 12901 N. 30th St., Box 17, Tampa, FL 33612; (813) 974- 
2538. 


Physics of Diagnostic Radiology, Nuclear Medicine, 
and Radiation Biology 


The Dept. of Radiology and the Office of Continuing Medical 
Education, School of Medicine, University of California, Davis, will 
sponsor a review course on physics of diagnostic radiology, nuclear 
medicine, and radiation biology, Sept. 10-13, at the University of 
California, Davis, Davis, CA. Course directors: Jerrold T. Bushberg 
and J. Anthony Seibert. Category 1 credit: 25 hr. Fee: $295 tuition; 
$111 single room and meals. Information: Office of Continuing Med- 
ical Education, U.C. Davis, School of Medicine, 2791 Stockton Blvd, 
Sacramento, CA 95817; (916) 453-5390. 


Physics of Radiology, Nuclear Medicine, and 
Radiobiology 


The Radiological and Medical Physics Society of New York 
(RAMPS) will sponsor a refresher course in physics of radiology, 
nuclear medicine, and radiobiology, Sept. 14-16, at Loeb Auditorium, 
Hospital for Joint Diseases, Orthopaedic Institute, New York, NY. 
The course is designed to assist radiology residents in preparing for 
their examinations. Students are expected to have previous training 
in radiobiologic physics. The program shall consist of lectures on all 
relevant medical physics topics, radiobiology, and review of physics 
questions. The faculty includes physicists from the major teaching 
hospitals in New York. Program chairmen: Arthur Olson and Gerald 
Shapiro. No categorical credit. Fee: $200. Information: Arthur Olson, 
Health Science Center at Brooklyn, (718) 270-1423, or Rona Green, 
Dept. of Radiology, New York Medical College, Valhalla, NY 10595; 
(914) 285-8553. 


Congress of the Indian Radiological and Imaging 
Association 


The 41st Annual Congress of the Indian Radiological and Imaging 
Association will be held January 14-16, 1988, at Coimbatore, India. 
Information: Dr. Sudarshan K. Affarwal, Hon. General Secretary, 
Indian Radiological and Imaging Association, 10B, Kasturba Gandhi 
Marg, New Delhi-110001, India. 


AAWR Elects Officers 


The American Association of Women Radiologists announces the 
election of the following officers at the annual meeting: President: 
Patricia A. Randall, Syracuse, NY; President-elect: Sandra K. Fern- 
back, Chicago, IL; Vice-president: Dixie Anderson Aronberg, St. 
Louis, MO; Secretary: Kay A. Shaffer, Milwaukee, WI; Treasurer: 
Ellann McCroy, Ft. Payne, AL. 


Index of European Radiological Journals (IERJ), 
1982-1985 


This 400-page subject index provides references for all scientific 
articles published in 29 Western European journals that deal with 
diagnostic imaging, interventional radiology, radiotherapy-oncology, 
and nuclear medicine. The survey of /ERJ extends over a 4-year 
period (1982 to 1985). Each article can be retrieved under 1 to 4 key 
words. The key words were carefully selected by a team of punctilious 
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radiologists. The dictionary uses English key words close to those in 
the Cumulative Index published by Radiology. Titles of references are 
in English. If an article is written in English, no notation is made. If 
the article is not in English, its language is identified after the title. 
Such articles usually have a summary and figure legends in English. 

The /ERJ hopes to provide the radiologic community with a source 
of European references published during a period of tremendous 
changes in imaging. The /ERJ is supported by several associations: 
European Association of Radiology (AER), Centre Antoine Béclére, 
Société Française de Radiologie Médicale. Information: J. Sauvegrain, 
M.D., Hopital des Enfants-Malades, 149, rue de Sévres, 75015 Paris, 
France. The /ERJ is included in subscription fees to Annales de 
Radiologie. Separate or extra copies are available at the price of FF 
400 (postage included) and can be ordered from: La Semaine des 
Hopitaux, service diffusion, 15 rue Saint Benoit, 75278 Paris Cedex 
06, France. 


Meeting and Course Review 


For reader convenience, a summary of upcoming meetings and 
courses is provided. Detailed listings are given in the AJR issue noted 
in parentheses. 


UC San Diego Courses; Physicians Imaging Courses 1987, times 
arranged, San Diego, CA (Nov) 

UC San Diego Visiting Fellowships in MR Imaging, times arranged, 
San Diego, CA (Feb) 

The Cutting Edge of Magnetic Resonance Imaging, May 31-June 
4, Bermuda (May) 

1987 Radiology Congress, May 31-June 6, Lisbon (Aug) 
International Continuing Medical Education Series: Topic to be 
announced, June, Ireland; Topic to be announced, July 24-30, 
Pebble Beach, CA; Topic to be announced, Aug., Gstaad, Switzer- 
land (Oct) 

Society of Nuclear Medicine Annual Meeting, June 2-5, Toronto, 
Ontario, Canada (Dec) 

MGH/Harvard Postgraduate MRI Course, June 3-5, Cambridge, 
MA (April) 

Practical Aspects of Mammography, June 6-7, Waterbury, CT 
(April) 

Advanced Techniques in MRI, June 6-11, Kiawah Island, SC (May) 
The American Board of Radiology Examinations. Oral examina- 
tions: June 8-12, 1987; May 23-27, 1988; June 5-9, 1989, all at 
Louisville, KY. Written examinations: Oct. 8-9, 1987; Oct. 6-7, 
1988; Oct. 5-6, 1989 (Dec) 

International Congress on Medical Ethics, June 9-12, New York, 
NY (March) 

Interventional Radiology, June 11-13, Minneapolis, MN (March) 
Euroson ’87, June 14-18, Helsinki, Finland (Sept) 

Radiotherapy and Combined Treatments for Cancer, June 15-17, 
Milan, Italy (May) 

Coronary Angiography 1987, June 15-18, Boston, MA (May) 
National Conference on Cancer Prevention and Detection, June 
25-27, Seattle, WA (May) 

International Conference on Computer Assisted Radiology, July 
1-4, West Berlin (Feb 1986) 

Diagnostic Imaging Seminar: an Imaging Spectrum Analysis, July 
6-10, Martha's Vineyard, MA (April) 

Planning Functional Endoscopic Surgery by CT, July 9, Baltimore, 
MD (May) 

Diagnostic Course on Imaging Techniques, July 10-12, Rochester, 
NY (May) 

Body Imaging: Ultrasound and Computed Tomography Course, 
July 17-19, Stowe, VT (April) 
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Symposium on Diagnostic Imaging, August 10-13, Providence, RI 
(April) 

Summer Imaging and Interventional Techniques V, August 10-14, 
Hilton Head, SC (May) 

Masters International Diagnostic Radiology Conference, August 
23-28, Paris, France (March) 

Sarcoidosis and Granulomatous Disorders, Sept. 6-11, Milan, Italy 
(June 1986) 

Radiology in Yorkshire, Sept. 13-20, Yorkshire, England (March) 
Registry Review Courses for Sonographers, Sept. 14-19, Arling- 
ton, VA (May) 

Diagnostic Ultrasound Course, Sept. 17-19, Ann Arbor, MI (April) 
The Asian-Oceanian Congress of Radiology, Sept. 21-25, Seoul, 
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South Korea (Nov 1986) 

International Workshop on Bone and Soft Tissue Densitometry, 
Sept. 22-25, Buxton, Derbyshire, UK (March) 

Congress on Ultrasonic Examination of the Breast, Oct. 3-5, New 
Orleans, LA (Feb) 

Mammography Courses, Oct. 5-8, Nov. 2-5, Boston, MA (Jan) 
Neuroradiology and Head and Neck Radiology Course, Oct. 12- 
16, Boston, MA (April) 

Current Trends in Diagnostic Radiology, Intervention, and Cross- 
Sectional Imaging— 1987, Oct. 19-22, Boston, MA (April) 

The Johns Hopkins Medical Institutions Courses in Abdominal 
and Obstetric Ultrasound: Basic Practicum, Nov. 16-20; Advanced 
Practicum in Ultrasound, Dec. 7-11, Baltimore, MD (Feb) 


AJR carries announcements of courses, symposia, and 
meetings of interest to its readers if received a minimum of 5 
months before the event. There is no charge; receipt of items 
by the AJR Editorial Office is not acknowledged. Submit items 
for publication typed double spaced. Provide title, date, loca- 


tion, brief description, sponsor, course directors, fees, cate- 
gory | credit, and address and telephone number for additional 
information. Faculty from the host institution will not be listed. 
Guest faculty names will appear only if initials are provided. 
Mail news items to AJR Editorial Office, 2223 Avenida de la 
Playa, Suite 200, La Jolla, CA 92037. 





Classified Advertising 


Positions Available 


RADIOLOGICAL SCIENCES RESEARCH 
DIRECTOR—Applications are invited for a tenure- 
track full-time faculty position as Radiological 
Sciences Research Director in the Dept. of Radi- 
ology at the University of Nebraska Medical 
Center. Candidates must be a Ph.D. and/or M.D. 
with postdoctoral research experience including 
thorough knowledge of biostatistical analysis and 
knowledge in physiology and anatomy. The Direc- 
tor will be expected to prepare grants and obtain 
external funding from local, state, and federal 
agencies, to coordinate developmental research 
projects, and to be responsible for basic science 
and clinical experimental design. The Director will 
be encouraged to pursue independent research 
projects in areas complimenting those of the cur- 
rent faculty. Applications should be received no 
later than Oct. 1, 1987, by Thomas J. Imray, M.D., 
Professor and Chairman, Dept. of Radiology, 
University of Nebraska Medical Center, Omaha, 
NE 68105. Telephone (402) 559-6396 for further 
details. An equal opportunity/affirmative action 
employer M/F/H/V/. 6-7a 


ULTRASOUND AND MAMMOGRAPHY —This is 
an outstanding opportunity for a radiologist to join 
a well-respected, growing, office-based private 
practice in a highly desirable metropolitan area. 
Fellowship training or equivalent experience is re- 
quired. Send CV to Box T78, AJR (see address 
this section). 6-8a 


THE ROSWELL PARK MEMORIAL INSTITUTE, 
affiliated with the State University of New York at 
Buffalo School of Medicine, seeks to fill the posi- 
tion of Director of Diagnostic Radiology at the In- 
stitute. The successful applicant must be certified 
by the American Board of Radiology and must 
have well-developed capabilities in patient care, 
teaching, research, and administration. CV 
should be sent to Andrew A. Gage, M.D., Roswell 
Park Memorial Institute, 666 Elm St., Buffalo, NY 
14263. 6a 


BOARD-CERTIFIED GENERAL DIAGNOSTIC 
RADIOLOGIST—Immediate opening with 17 
radiologists in rapidly growing south central 
Florida communities. Join two radiologists to 
cover two 100-bed hospitals, private office, and 
two mammography centers. Expertise in all 
modalities, with emphasis on CT (MRI not urgent). 
Send CV to L. S. Ross, M.D., Radiology Con- 
sultants, 114 Medical Center, Sebring, FL 33870. 
6-7a 

UCLA—THE DEPT. OF RADIOLOGICAL 
SCIENCES at the University of California, Los 
Angeles, is seeking candidates for the following 
full-time academic positions. CHIEF, PEDIATRIC 
RADIOLOGY. Must demonstrate broad experience 
in all phases of pediatric radiology including 
sonography, MR, and CT. Prefer evidence of 
administrative/organizational skills. CHIEF, 
ULTRASOUND. Must show evidence of broad ex- 
perience in all phases of sonography. Admini- 
strative/organizational skills required. HEAD AND 
NECK SPECIALIST. Require fellowship training 
and experience in this specialty, with in-depth 
competence in MR applications. All positions in- 
clude responsibilities for clinical service, teaching, 
and research. American Board of Radiology certifi- 
cation and eligibility for California medical licensure 
required. Title level, Title series, and salary depen- 
dent on qualifications. Respond to Hooshang 
Kangarloo, M.D., Chair, Dept. of Radiological 
Sciences, UCLA School of Medicine, Los Angeles, 
CA 90024-1721. UCLA is an equal opportunity and 
affirmative action employer. 6a 


TWO POSITIONS AVAILABLE—I|mmediately: 
General Radiologist, prefer CT/Ultrasound fellow- 
ship. Available in July 87: MRI specialist. Contact 
J.J. Parker, M.D., PO. Box 857, Ross, CA 94957. 
4-6ap 


PART-TIME POSITION AVAILABLE for general 
diagnostic radiologist to serve as permanent 
locum tenens for busy three-person group. Out- 
patient work only; MRI, angiography not required. 
Guaranteed 20 weeks/yr. Beautiful southern 
California location. Contact Wm. Duge, M.D., 
PO. Box 2985, Laguna Hills, CA 92654. 6-7a 


DIAGNOSTIC RADIOLOGIST—Six-man group 
seeking radiologist with significant background in 
vascular and interventional radiology to help ser- 
vice 300-bed community hospital in beautiful 
suburban area of Pittsburgh. MRI and two offices 
part of practice. Can lead to full partnership. Con- 
tact C. Kay, M.D., 9100 Babcock Blvd., Pittsburgh, 
PA 15237. (412) 367-6434. 6a 


DIAGNOSTIC RADIOLOGIST—Very busy group 
urgently needs 2 BC/BE radiologists. Recent 
training preferred, with skills in routine work, 
sonography, mammography, CT, nuclear medi- 
cine, interventional, and MRI. Two-yr work up to 
full equal partner, generous benefits, and great 
Texas weather year-round. Population of area 
served is approximately 150,000. Submit current 
CV and other information to AJR, Box T80 (see 
address this section). 6xa 


DIAGNOSTIC RADIOLOGIST to join established 
group of 10 in greater Philadelphia area. Two 
hospitals and imaging center. Growing practice. 
State-of-the-art in all modalities. Fellowship a plus 
but not essential. Position available ASAP. Reply 
to Box T82, AJR (see address this section). 6-8a 


NEW ENGLAND MEDICAL CENTER, TUFTS 
UNIVERSITY SCHOOL OF MEDICINE is seek- 
ing a radiologist in the general radiology section. 
The candidate should have expertise in bone radi- 
ology and a desire to participate in all modalities 
of bone and joint imaging including contrast arth- 
rography. The candidate should also have an in- 
terest in orthopedic radiology. The hospital is a 
469-bed (112 pediatric) hospital and the principal 
teaching affiliate of Tufts University School of 
Medicine. The candidate should be eligible for a 
faculty position at the medical school. Please 
direct inquiries and CV to Robert C. Sarno, M.D., 
Dept. of Radiology, New England Medical Center 
Hospitals, 750 Washington St., Boston, MA 02111. 
6-7ap 

BC/BE DIAGNOSTIC RADIOLOGIST to join 
5-man group covering two major hospitals. Posi- 
tion available July 1987. All modalities except MR 
which is in planning stages. Background in sonog- 
raphy, CT, and angiography required. Administra- 
tive skills preferred. Beautiful mountain setting in 
a university town of 50,000. “Unlimited” recrea- 
tional opportunities including skiing, fishing, hunt- 
ing, hiking. Send CV to Missoula Radiology, Inc., 
PO. Box 2039, Missoula, MT 59806. 6-7a 


RADIOLOGY—Diagnostic radiology positions are 
available July 1988. Assistant/Associate level pro- 
fessor. Positions (2) in thoracic imaging and neu- 
roradiology. Duties include clinical service, 
research and teaching medical students and 
residents. Send resume to Joseph F. Sackett, 
M.D., Professor and Chairman, Dept. of Radi- 
ology, E3/366, Clinical Science Center, 600 
Highland Ave., Madison, WI 53792. The Univer- 
sity of Wisconsin is an equal opportunity/affirma- 
tive action employer. 6a 


RADIOLOGIST BC/BE, proficiency in at least 
peripheral vascular angiography. Preferable pro- 
ficiency in interventional radiology, CT, and/or 
ultrasonography. Eligible candidate has oppor- 
tunity for academic position with affiliated Univer- 
sity of Illinois College of Medicine at Champaign/ 
Urbana, and for position as Chief of Service. Ex- 
cellent recreational area. Salary commensurate 
with background; Federal fringe benefits. Call or 
write Vishwas Apte, M.D., Chief of Staff, VA 
Medical Center, Danville, IL 61832. (217) 442-8000 
ext. 563. EOE 5-6a 


INTERVENTIONAL RADIOLOGIST to join eight 
board-certified radiologists in metropolitan south- 
western city. Group includes two radiation thera- 
pists. Mandatory to selection will be experience 
with adequate numbers in angioplasties, biopsies, 
abscess and biliary drainage, and percutaneous 
nephrostomy procedures. Excellent modern facil- 
ities, sophisticated medical community. Compen- 
sation determined by certification and experience. 
Reply Box T86, AJR (see address this section). 6a 


DIAGNOSTIC RADIOLOGIST—The Dept. of Radi- 
ology of St. Luke’s—Roosevelt Hospital in New 
York City is seeking a radiologist with broad in- 
terest in general radiology. Special experience 
and/or training in chest, skeletal, and/or mam- 
mography is desirable. Strong interest in clinical 
teaching and research, as well as inpatient care 
is required. Excellent remuneration. The hospital 
is a 1315-bed volunteer university hospital of 
Columbia University College of Physicians and 
Surgeons, New York City. Please send inquiries 
with a CV to Ronald C. Ablow, M.D., Dept. of 
Radiology, SLRHC, Amsterdam Ave. and 114th 
St., New York, NY 10025. EOE. 6a 


BOARD-CERTIFIED RADIOLOGIST, university 
trained, wanted for a salaried position in a free- 
standing imaging center and part-time hospital 
practice. The center facilities include an Acuson 
128, GE 9800, low-rad dedicated mammography, 
dedicated digital angiography, and routine fluoro- 
scopic and radiographic imaging. Regular hours 
with minimal on-call responsibilities. Beautiful 
town in Indiana-lllinois-Kentucky tri-state. Part- 
time or locum tenes considered. Send CV to Box 
T88, AJR (see address this section). 6-9a 


ULTRASOUND/CT/MRI. Opportunity for board- 
certified radiologist specializing in ultrasound, 
body CT, and body MRI to pursue academic 
career at The New York Hospital-Cornell Medical 
Center. Dept. provides state-of-the-art equipment, 
including Acuson ultrasound, GE 9800 CT, and 
GE Signa 1.5 Tesla MR. Wide variety of ultra- 
sound examinations include abdominal, Doppler, 
Ob-Gyn, small parts, and neonatal head. Prefer 
candidate with prior fellowship in sectional im- 
aging or ultrasound. Responsibilities include 
clinical practice, teaching, and research. Please 
send CV to Elias Kazam, M.D., Dept. of Radiol- 
ogy, The New York Hospital-Cornell Medical 
Center, 525 East 68th St., New York, NY 10021. 
5-6a 


SKELETAL RADIOLOGIST. The Dept. of 
Radiology at the University of Washington is seek- 
ing a board-certified skeletal radiologist. The posi- 
tion involves clinical radiography services, 
medical instruction to fellows, residents and 
medical students, and research. Included in the 
facilities are a PET scanner, several CT and MRI 
units (including an investigative unit), and dual 
and single photon absorptiometry. Salary is com- 
mensurate with rank based on established level 
at the University of Washington School of 
Medicine. The University of Washington is an 
equal opportunity employer. Submit CV to Albert 
A. Moss, M.D., Professor and Chairman, Depart- 
ment of Radiology, SB—05, University of Washing- 
ton, Seattle, WA 98195. 5-6a 


BOARD-CERTIFIED DIAGNOSTIC RADIOLO- 
GIST to join 8-man hospital-based group. Exper- 
tise in MRI and interventional radiology required. 
Fellowship training preferred. Send CV to W. Ditt- 
man, M.D., 7515 Greenville Ave., Ste. 710, Dallas, 
TX 75231. 3-6ap 


DIAGNOSTIC RADIOLOGIST needed to join one 
radiologist in growing 146-bed hospital in subur- 
ban Dallas. Practice includes all modalities except 
MRI. Prefer university-trained with angioplasty ex- 
perience. Contact Gil Daley, Charter Suburban 
Hospital, 1011 N. Galloway, Mesquite, TX 75149, 
(214) 320-7008 or (214) 349-1495. 5-6ap 
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iC/BE RADIOLOGIST for general radiology 
ractice including ultrasound, nuclear medicine, 
T, and angiography to join group of 15 physi- 
ians in northwestern Minnesota community of 
000 serving 40,000 patient area. Clinic is part 
f a 185-physician group with facilities in 21 loca- 
ons throughout Minnesota and North Dakota. 
\pplicant should have experience in angiography 
ncluding carotid catheterization) and interven- 
onal radiology including percutaneous trans- 
iminal angioplasty. Competitive salary, excellent 
ienefits. Summertime fun in lake country, excel- 
ant fall hunting and wintertime sports. Send 
iquiry and CV to Arnold Carriere, Administrator, 
‘alls Clinic, 120 LaBree Ave. South, Thief River 
‘alls, MN 56701. 5-7a 


ARI/CROSS-SECTIONAL IMAGING RADIOL- 
GIST. The Section of Diagnostic Radiology at 
he Dartmouth-Hitchcock Medical Center has an 
)pening in cross-sectional imaging with emphasis 
yn MRI. Post-residency training required. Position 
sntails membership in academic multispecialty 
ind teaching dept. Must have strong interest in 
jraduate and undergraduate teaching plus 
esearch. This position carries a faculty appoint- 
nent with the Dartmouth Medical School. Salary 
ind benefits are negotiable and competitive. 
HMC is an equal opportunity/affirmative action 
»mployer. Send CV to Peter K. Spiegel, M.D., 
Shairman, Section of Diagnostic Radiology, 
Yartmouth-Hitchcock Medical Center, 2 Maynard 
St., Hanover, NH 03756. 5-6ap 


RADIOLOGY—Diagnostic Radiology positions 
available August 1987. Assistant/Associate/Full 
>rofessor level. Positions in general radiology with 
subspecialty interest in angiography. Duties in- 
slude medical student and resident teaching, 
‘adiology service, and clinical research. Send 
resumes to Joseph F. Sackett, M.D., Professor 
and Chairman, Dept. of Radiology, E3/366, 
Clinical Science Center, 600 Highland Ave., 
Madison, WI 53792. The University of Wisconsin 
is an equal opportunity/affirmative action 
employer. 5a 


RADIATION ONCOLOGIST. 180-member multi- 
specialty group seeks a board-certified/board- 
eligible radiation oncologist to expand the service 
offerings of the Oncology Dept. In addition to pro- 
vision of care, radiation oncologist will have con- 
siderable latitude in design of services including 
planning of the proposed radiation therapy plant. 
Duties will include design of facilities, selection 
of equipment, and selection and training of per- 
sonnel. Community of 143,000 offers three univer- 
sities, fine cultural opportunities, and four-season 
recreational activities. Please send CV and 
references to John Weir, Associate Administrator, 
Dakota Clinic, Ltd., P. O. Box 6001, Fargo, ND 
58108. 5-7a 


RADIOLOGIST—A board certified/board eligible 
radiologist with experience is needed to join the 
staff of the Alaska Native Medical Center, 170-bed 
referral facility for a state-wide system of Indian 
Health Service hospitals and clinics. Practice 
stimulating and challenging radiology in a relaxed 
and casual atmosphere. State-of-the-art in-house 
CT, sonography, and mammography. Send CV. to 
C.J. Heitz, Jr., M.D., PO. Box 7-741, Anchorage, 
AK 99510. EOE 2-7a 


ISRAEL, DIAGNOSTIC RADIOLOGY. Opportun- 
ities for 3-4 week or longer working vacations in 
a number of Israeli medical centers, on a volun- 
teer basis. Positions varied, arrangements flexi- 
ble. For information contact: Jonathan H. Fish, 
M.D., 1844 San Miguel Dr., #302, Walnut Creek, 
CA 94596; (415) 947-0560. 8xa 


DIAGNOSTIC RADIOLOGIST. Need aggressive 
associate to perform all aspects of diagnostic 
radiology in well-equipped hospital with large out- 
patient component in South Texas. MR training 
a plus but not essential. Excellent salary and 
early partnership available. For confidential con- 
sideration please submit CV to Box H70, AJR (see 
address this section). 11xa 


CLASSIFIED ADVERTISING 


WANTED—GENERAL RADIOLOGIST to join a 
group practicing in a major tertiary care and a 
small community hospital. Applicants must be 
board certified and have had postresidency or 
fellowship experience. Send CV to Jalil Farah, 
M.D., Director, Diagnostic Radiology, William 
Beaumont Hospital, 3601 W. 13 Mile Rd., Royal 
Oak, MI 48072. 4-6a 


SOPHISTICATED GROUP OF 10 DIAGNOSTIC 
RADIOLOGISTS seeking young, personable, 
university-trained, board-certified neuroradiologist 
eligible for senior membership in ASNR. Must 
possess considerable MRI skills. Progressive 
private hospital-based practice. A 1.5 T GE MRI 
system and 2 Picker 1200 Scanners are currently 
in place. Apply to PO. Box 221249, Charlotte, NC 
28222. 4-6ap 


SOPHISTICATED GROUP OF 10 DIAGNOSTIC 
RADIOLOGISTS seeking a_ board-certified, 
university-trained imaging specialist. Must have 
completed imaging fellowship and prefer some 
staff experience in ultrasound, body CT, body 
MRI, and limited interventional skills desired. 1.5 
T GE MAI unit, 2 Picker 1200 CT Scanners, and 
5 ultrasound units in place, in progressive, private 
hospital location. Apply to PO. Box 221249, 
Charlotte, NC 28222. 4-6ap 


A 400-BED COMMUNITY HOSPITAL staffed by 
private practice group seeks a second neuroradi- 
ologist, preferably with MR experience. Ongoing 
neuroradiologic service includes state-of-the-art 
CT, angiography with digital, and myelography. 
MR unit on order. Must be capable and willing to 
do general radiology also. Contact Ben R. Mayes, 
Jr., M.D., Radiology Dept., St. Luke’s Hospital, 
232 So. Woods Mill Rd., St. Louis, MO 63017, 
(314) 434-1500, ext. 4250. 4xa. 


PEDIATRIC RADIOLOGIST. Large hospital- 
based group seeks associate with recent pediatric 
radiology fellowship training. Busy private prac- 
tice group needs second pediatric radiologist for 
coverage of small pediatric hospital. Practice 
would include 25% pediatric and 75% adult work. 
All modalities including MRI. Board certification 
mandatory. Opportunity for partnership in well- 
established western Washington practice. Reply 
Box H74, AJR (see address this section). 11-6a 


TWO YOUNG RADIOLOGISTS seek a third radi- 
ologist in expanding hospital-based practice near 
Canadian border in northern New York. All 
modalities available. Write P. Berman, HC 61 Box 
454, Massena, NY 13662. 8-7a 


Positions Desired 


B/C RADIOLOGIST, 39, with 7 yr of administrative 
experience seeks position in private group leading 
to partnership. Experienced in all modalities in- 
cluding MR and high-volume mammography 
screening. Reply Box T84, AJR (see address this 
section). 6-7b 


Fellowship and Residencies 


ABDOMINAL IMAGING FELLOWSHIP to begin 
July 1988. 612-bed teaching hospital. Over 120,000 
examinations are performed yearly in the radi- 
ology dept. All imaging modalities are integrated 
into the Fellowship Program which will emphasize 
body CT, diagnostic sonography including obstet- 
ric, and MRI. Send inquiries to Harvey L. Neiman, 
M.D., Chairman, Dept. of Radiology, West Penn 
Hospital, 4800 Friendship Ave., Pittsburgh, PA 
15224. 6-8c 


IMAGING FELLOWSHIP—Unexpected opening 
for fellowship position in cross-sectional imaging 
to begin July 1, 1987. Fellowship includes CT, 
sonography, and MR. William Beaumont Hospital 
is a 950-bed tertiary care center, major teaching 
institution with residency program in southeastern 
Michigan. For further information, please contact 
R. Bree, M.D., Dept. of Diagnostic Radiology, 
William Beaumont Hospital, Royal Oak, MI 48072. 
(313) 288-7033. 6c 
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VISCERAL IMAGING AND INTERVENTIONAL 
RADIOLOGY FELLOWSHIP to begin July 1988. 
612-bed teaching hospital. Fellows will be actively 
involved in diagnostic CT and sonography. Fel- 
lows will also participate in all vascular and non- 
vascular/interventional procedures including 
angioplasties, biliary, GU, biopsies, abscess drain- 
ages, and angiography. Send inquiries to Harvey 
L. Neiman, M.D., Chairman, Dept. of Radiology, 
West Penn Hospital, 4800 Friendship Ave., Pitts- 
burgh, PA 15224. 6-8c 


INTERVENTIONAL RADIOLOGY—Rhode Island 
Hospital, Dept. of Radiology, seeks one fellow in 
the Special Procedures section to begin July 
1988. We are the major affiliate of Brown Univer- 
sity Medical School and serve a 715-bed general 
hospital. During the calendar year 1986 we per- 
formed approximately 2400 procedures. The 
fellow will perform vascular and nonvascular in- 
terventional procedures of all types; including 
angiography, angioplasty, infusions, emboliza- 
tions, biopsies, aspirations, abscess drainages, 
transhepatic cholangiograms, biliary drainages, 
nephrostomies, stone extractions, and percu- 
taneous endoscopies. All imaging modalities are 
integrated in this busy and diverse service with 
emphasis on fluoroscopy, sonography, and CT. 
Requirements include a minimum of 3-yr training 
in an accredited radiology residency and expec- 
tations of board certification before start date. 
Send inquiries to Daniel J. Hanson, M.D., Radiol- 
ogist-in-Chief, Dept. of Diagnostic Radiology, 
Rhode Island Hospital, 593 Eddy St., Providence, 
RI 02902. 6-7c 


FELLOWSHIP IN DIAGNOSTIC IMAGING at 
Rhode Island Hospital to begin July 1988. Rhode 
Island Hospital is the major affiliate of Brown 
University Medical School. The radiology staff 
serves this 715-bed general hospital and a 
200-bed lying-in hospital. Over 165,000 examina- 
tions are performed yearly in the Radiographic 
Dept. All imaging modalities are integrated into 
this busy and diverse service. The fellowship will 
emphasize sonography and CT, along with asso- 
ciated interventional procedures, a busy mam- 
mography area, and MRI. Requirements include 
completion of an accredited radiology training 
program. Send inquiries to Daniel J. Hanson, 
M.D., Radiologist-in-Chief, Dept. of Diagnostic 
Radiology, Rhode Island Hospital, 593 Eddy St., 
Providence, RI 02902. 6-7c 


Tutorials/Courses 


TOPNOTCH AT STOWE, VT—July 17-19, 1987. 
Body Imaging: Ultrasound and Computed 
Tomography Course. Fee: $215—-physicians; 
$195-residents. Faculty: Drs. Callen, Kuhn, 
Naidich, and from the University of Vermont. 
Category | credit: 12 hr. Contact: Carol McClure, 
Coordinator, Dept. of Radiology, Medical Center 
Hospital of Vermont, Burlington, VT 05401. 
(802) 656-3592. 6d 


THE UNIVERSITY OF MINNESOTA, DEPT. OF 
RADIOLOGY will present its 50th Annual Con- 
tinuation Course, September 21-25, 1987 in Min- 
neapolis. Thirteen guest faculty will participate in 
this 5-day, comprehensive review. This year’s sub- 
ject, Chest-Cardiovascular Imaging and Interven- 
tion, will be a comprehensive course emphasizing 
both conventional diagnostic techniques and ad- 
vanced imaging modalities, including computed 
tomography, digital angiography, and magnetic 
resonance imaging. The pulmonary lectures will 
focus on many of the practical issues facing 
radiologists in their daily work. Special imaging 
and interventional techniques will highlight the 2 
days of cardiac presentations. Registration fee: 
$450 (inquire about the reduced fee for medical 
fellows, military personnel and VA physicians). 
30% hr Category 1 credit. For information contact 
Office of Continuing Medical Education, University 
of Minnesota, Box 202 UMHC, 420 Delaware St. 
S.E., Minneapolis, MN 55455. (612) 626-5525. 5-7d 
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LONDON—PARIS FALL ULTRASOUND. Attend 
one or both, September 19-27, 1987, CME | ac- 
creditation. For registration and information con- 
tact Medical Seminars International, 21915 
Roscoe Blvd., Ste. 222, Canoga Park, CA 91304, 
(818) 340-0580 ext. 280. 3-8d 


ALASKA 87—CRUISE THE INLAND PASSAGE. 
July 4-11, 1987. Dr. Thomas Berquist, Mayo 
Clinic, Diagnostic Imaging, CME |. For informa- 
tion contact Medical Seminars International, 
21915 Roscoe Blvd., Ste. 222, Canoga Park, CA 
91304, (818) 340-0580 ext. 280. 3-6d 


THE ROCHESTER ROENTGEN RAY SOCIETY 
will sponsor a 3-day diagnostic radiology course 
on imaging and other diagnostic techniques, such 
as skinny-needle aspiration cytology, in the diag- 
nosis of benign and malignant breast diseases, 
at the University of Rochester School of Medicine, 
Rochester, NY, July 10-12, 1987. Radiology 
technologists are permitted to attend but the 
course is most beneficial to practicing radiol- 
ogists. Fee: $350: radiologists; $300: residents 
and technologists. Category 1 credit: 24 hr. 
Program director: Wende W. Logan, M.D. Infor- 
mation: 1351 Mt. Hope Ave., Rochester, NY 14620 
(716) 442-8432. 4-6d 


MRI TUTORIAL PROGRAM—Diagnostic Radio- 
logical Imaging Medical Group offers 1-wk train- 
ing programs in clinical MRI for physicians with 
limited or no experience in MRI. The program is 
individualized to the applicant, and the physician 
may subscribe to 1 or more weeks. Only 2 physi- 
cians per week are accepted. The 1.5-T MRI scan- 
ner is used in an outpatient imaging facility and 
12-16 examinations per day are performed. 
Individual tutorials in MRI physics, equipment 
evaluation, clinical indications for MRI examina- 
tion, performance of MRI studies, discussion of 
case material, and review of an extensive teach- 
ing file are offered. The faculty are A. B. Dublin 
and M. H. Reid. The fee is $600 and 40 hr 
Category | credit are available/week. For further 
information contact Michael H. Reid, Ph.D., M.D., 
Diagnostic Radiological Imaging, 79 Scripps Dr., 
Ste. 100, Sacramento, CA 95825. (916) 921-1300. 
6-9d 


Other 


RADIOLOGY PRACTICE FOR SALE. Established 
Breast Center, So. California. Excellent location. 
Good referral base. Potential for broader base 
radiology. All negotiating options considered. 
P.O. Box 4893, Los Angeles, CA 93539-4893. 6e 


MRI OVER-READING SERVICE. Backup inter- 
pretation of MR scans now available using state- 
of-the-art Raytel teleradiology equipment and 
regular phone lines. Service available from 
across-the-street to across-the-country from 
1-month to 1-year. Competitive rates. Contact 
Murray A. Solomon, M.D., San Jose MRI Center, 
361 South Monroe, San Jose, CA 95128. 1-6ep 
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AJR articles are also included in the 5-year cumulative index published in Radiology. 


Index Key: a = abstract, b = book review, e = editorial, | = letter, m = memorial, p = pictorial essay 


Subjects in this index are cataloged by 
body part where possible. Disease entities 
unique to a body part are listed by that part; 
other more general diseases have separate 
listing by name. Technical procedures are 
also listed by part, as appropriate. Because 
of general interest, subjects dealing with 
computed tomography, magnetic resonance 
imaging, sonography, radionuclide imaging, 
and pediatric radiology are listed under those 
headings as well as under appropriate body 
part and/or disease. 


A 


Abdomen 
acute, radiology of (b), 148:858 
cancer management, imaging 
148:1123 
incisional hernia, CT, 148:139 
Abdominal aorta, prosthetic grafting, vascular 
complications, CT and _ angiography, 
148:819 
Acquired immune deficiency syndrome 
cytomegalovirus colitis (a), 148:656 
focal esophageal candidiasis in (a), 148:656 
Kaposi's sarcoma and, lung, 148:25 
Adenocarcinoma 
papillary, rete testis, sonography, 148:1147 
renal, CT, 148:59 
Adenoma, see specific site 
Adenomyosis, uterus, 
148:765 
Adrenal gland 
myelolipoma, fine-needle aspiration diagnosis, 
148:921 
primary adrenocortical carcinoma, CT evaluation 
of, 148:531 
primary carcinoma, sonography, 148:915 
Adrenocortical carcinoma, primary, sonography, 
148:915 
AIDS, see Acquired immune deficiency syndrome 
Airway, chronic obstruction, children, cine-CT, 
148:347 
American Roentgen Ray Society 


techniques, 


sonographic findings, 


categorical course in gastrointestinal radiology, 
148:114 
genitourinary imaging update, 148:124 
invitation to 1987 meeting, Miami Beach, FL, 
148:431 
1987 local activities, 148:449 
1987 meeting, Miami, FL, 148:110, 148:228, 
148:620 
1987 meeting summary, 148:455, 148:824 
1987 scientific program, 148:443 
1988 meeting, San Francisco, CA, 148:1264 
officers, committees, and meeting information, 
148:102, 148:252, 148:556, 148:716, 
148:958 
resident award papers, 148:952 
section on instruction, 148:433 
Andrews, J. Robert (m), 148:964 
Anesthesia, epidural, interstitial emphysema with, 
148:301 
Angiocardiography, current status (b), 148:844 
Angiofibromas, juvenile nasopharyngeal, arterial 
embolization of, 148:209 


Angiography 
see also Venography; specific artery; vein 
computed tomographic, mediastinum (b), 
148:1188 
digital subtraction, hepatic artery and vein, 
148:825 


emergency trauma, 148:1243 
liver transplant rejection, 148:1095 
portal hypertension, MRI correlation, 148:1109, 
148:1113 
prosthetic vascular complications, 148:819 
renal artery stenosis, posttransplant, children, 
148:487 
xanthogranulomatous cholecystitis, 148:727 
Angioplasty 
balloons, percutaneous management of biliary 
calculi, 148:745 
percutaneous balloon dilatation, ureteral stric- 
tures, 148:181 
peripheral, outpatient, 148:1239, 148:1241 
Angiosarcoma, primary, CT characteristics, 
148:267 
Aortic root, MRI, 148:665 
Aortic valve 
calculation of area, Doppler echocardiography (a), 
148:654 


trileaflet, extreme asymmetry of (I), 148:1275 
Apnea, obstructive sleep, cine CT, 148:1069 
Appendicitis, indium-ill leukocyte imaging, 148:733 
Appendix, obstructed, rabbit, radiography, sonog- 

raphy, and CT, 148:281 
ARDS, see Respiratory distress syndrome, adult 
Arteriography 

carotid artery dissection, 148:393 

coronary, quantitative (b), 148:844 

penile magnification, 148:883 
Artery, see specific artery; region 
Arthritis, erosive, silicone-induced, 148:923 
Arthritis, rheumatoid, thoracic and lumbar spine 

(a), 148:654 
Arthrography 
digital subtraction, temporomandibular joint, 
148:344 
radiation dose, temporomandibular joint, 148:107 
Arthroplasty, hip, pseudobursae, 148:103 
Articular cartilage, defects, MRI, 148:1153 
Asbestos, malignancy (b), 148:694 
Ascites, extension into chest, hiatal hernia, CT, 
148:31 

Atrioventricular valve, right, atresia, MRI, 148:671 

Atrium, see Heart 

Auditory canal, internal, tumor detection with MRI, 
148:1219 

Auto seat restraint devices, soft-tissue injury and 
(1), 148:458 


Bacteriuria, ureteral dilatation in, children, 148:483 
Balloon occlusion technique, hepatic emboliza- 
tion, 148:626 
Barium sulfate studies 
after biopsy or polypectomy, lesions appearing 
as rectal ulcers in, 148:285 
CT comparison, acute colonic diverticulitis diag- 
nosis, 148:541 
downhill flow technique, 148:1059 
voice change after, extraperitonea!l colon perfo- 
ration, 148:145 
Barrett’s esophagus, children and young adults, 
148:353 
Bile duct 
anomalous, ligated or severed, naked segment 
sign (I), 148:1060 
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common, anomalous drainage, hepatobiliary im- 
aging (I), 148:230 
diameter, daytime constancy, 148:557 
radiolucency, simulating a gallstone, 148:136 
Biliary calculi 
common, dissolution with methyl tertiary butyl 
ether, 148:372 
percutaneous management, angioplasty bal- 
loons, 148:745 
Biliary drainage 
percutaneous, benign vs malignant diseases, 
148:1207 
silicone stents, 148:741 
Biliary tract, stone removal, monooctanoin infu- 
sion, 148:185 
Biopsy 
see also specific organ 
aspiration, superficial lesions, 148:623 
drainage, ultrasound-quided (b), 148:550 
fine-needle, liver hemangioma (I), 148:231 
postbiopsy lesions appearing as rectal ulcers, 
barium studies, 148:285 
Blood vessels 
flow-velocity, MRI, 148:405 
quantitative phase-flow MRI, dogs, 148:411 
Bone 
see also specific bone 
disease, radiology (b), 148:880 
ectopic, CT evaluation, 148:931 
Ewing's and osteogenic sarcoma, 148:317 
parosteal osteosarcoma, 148:323 
trauma, technetium-99m, hydrocortisone effects, 
148:1175 
tumors (b), 148:568 
Book reviews 
abdominal imaging: an introduction, 148:296 
angiocardiography, 148:848 
asbestos-related malignancy, 148:694 
atlas of fetal sectional anatomy, 148:470 
basic imaging in congenital heart disease, 
148:852 
bone tumors, 148:568 
cancer in atomic bomb survivors, 148:920 
cardiac imaging, 148:300 
Clinical imaging of the colon and rectum, 
148:1210 
computed tomographic angiography of the me- 
diastinum, 148:1188 
computed tomography of the pituitary gland, 
148:8 
cranial computed tomography in infants and chil- 
dren, 148:478 
cranial computed 
148:1172 
diagnostic imaging in surgery, 148:744 
diagnostic paediatric imaging, 148:44 
essentials of cardiac roentgenology, 148:1086 
guide to the ultrasound examination of the ab- 
domen, 148:536, 148:880 
imaging in internal medicine, 148:1188 
interpretation of the chest roentgenogram, 
148:1172 
magnetic resonance of the musculoskeletal sys- 
tem, 148:936 
mammography—a user’s guide, 148:358 
multiplanar CT of the spine, 148:392 
neuroradiology, 148:1014 
new developments in imaging, 148:754 
normal variants and pitfalls in imaging, 148:392 
notes on radiological diagnosis, 148:18 
nuclear cardiac imaging: principles and applica- 
tions, 148:520 
nuclear techniques 
148:684 
orthopedic radiology, 148:76 
pediatric imaging/Doppler ultrasound of the 
chest, 148:946 
pediatric ultrasonography, 148:1198 
percutaneous and interventional urology and ra- 
diology, 148:64 


tomography and MRI, 


in diagnostic medicine, 
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pocket atlas of MRI body anatomy, 148:1158 
quantitative obstetrical ultrasonography, 148:906 
radiologic management of musculoskeletal tu- 
mors, 148:1152 
radiology of bone disease, 148:880 
radiology of congenital heart disease, 148:1158 
radiology of the acute abdomen, 148:858 
recent advances in radiology and medical imag- 
ing, 148:1035 
skeletal development of the wrist and hand in 
Macaca mulatta and man, 148:926 
State of the art in quantitative coronary arteriog- 
raphy, 148:844 
subarachnoid haemorrhage, 148:740 
the radiologic clinics of North America, 148:818, 
148:1210 
ultrasound annual 1986, 148:894 
ultrasound diagnosis in obstetrics and gynecol- 
ogy, 148:702 
ultrasound-guided biopsy and drainage, 148:550 
urologic pathology, 148:754 
1986 yearbook of nuclear medicine, 148:70 
Bowel, see Colon 
Brain 
abnormalities, precocious puberty, CT, 148:1231 
atrophy, differentiation from hydrocephalus, 
148:1223 
Breast 
calcifications, renal 
148:855 
density and physical assessment, mammo- 
graphic, 148:525 
irradiated, recurrent cancer in, mammographic 
detection, 148:39 
lesion, vertebral, bone scan-positive and CT-neg- 
ative, 148:341 
occult lesions, localization device for, 148:699 
parenchymal patterns, mammographic densities 
and, 148:1087 
Bronchial atresia, main-stem, intrauterine sono- 
graphic diagnosis, 148:364 
Bronchial disease, evaluation, CT and fiberoptic 
bronchoscopy comparison, 148:1 
Bronchoscopy, fiberoptic, CT comparison, 148:1 
Burst fractures, vertebral body, radiography and 
CT, 148:93 


hyperparathyroidism, 


C 


Calcification 

see also specific organ; region 

dystrophic, carcinoma of the lung, CT, 148:29 

myocardial and pericardial, radiographic distinc- 

tion, 148:675 

Calculi, see Stones; see also the specific type 
Cancer 

see also specific organ; region 

atomic bomb survivors (b), 148:920 
Carcinoid, gastric, CT (I), 148:1276 
Carcinoma, see specific organ; region 
Cardiac gating, CSF flow-void sign, 148:207 
Carotid artery, cervical internal, spontaneous dis- 

section, 148:393 

Carpal tunnel syndrome, MRI, 148:307 
Case of the day 

abdominal, 148:641, 148:1043 

chest, 148:638, 148:1037 

musculoskeletal, 148:643, 148:1048 

neuroradiology, 148:646, 148:1053 
Catheters 

arterial, entry site for (1), 148:1059 

entrance, location identification (I), 148:231 


Tenckhoff, extraperitoneal placement of, 
148:1211 

C2 body fractures, plain lateral radiographs, 
148:609 


Cecum, see Colon 
Cerebrospinal fluid 
flow, ventriculomegaly and, MRI, 148:193 
flow-void sign, modification by cardiac gating, 
148:205 
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spinal 
flow phenomena, 148:983 
imaging by 2DFT MR, 148:973 
Cesarean delivery, subfascial hematoma after, ul- 
trasound, 148:907 
Chest, see Thorax 
Chest tube, small, treatment of pneumothorax, 
148:849 
Cholangiography, IV, xanthogranulomatous cho- 
lecystitis, 148:727 
Cholangitis, percutaneous transhepatic drainage 
with, 148:367 
Cholecystitis 
see also Gallbladder 
xanthogranulomatous, 
148:727 
Cholecystostomy, percutaneous, torsion of the 
gallbladder and, 148:881 
Choledocholithiasis, extracorporeal 
treatment, 148:1114 
Chondromatosis, temporomandibular joint, MRI 
and CT contributions, 148:1173 
Cineangiography, right ventricular outflow tract 
obstructive lesions, CT and sonography vs, 
148:1189 
Cineradiography, cardiovascular function, 148:239 
Colitis, cytomegalovirus, AIDS (a), 148:656 
Colon 
Clinical imaging (b), 148:1210 
diverticulitis, barium enema and CT comparison, 
148:541 
extraperitoneal perforation, voice change after 
barium enema, 148:145 
perforated bowel, Hirschsprung's 
148:1195 
radiology of interposition (a), 148:656 
right, diverticulitis, 148:737 
volvulus, percutaneous decompression, 148:747 
Column of Bertin, hypertrophied, sonography of (I), 
148:1277 
Computed tomography 
cine- 
chronic airway obstruction, children, 148:347 
obstructive sleep apnea, 148:1069 
organ-absorbed doses, pediatric, 148:171 
Computed tomography, abdomen 
acute colonic diverticulitis, 148:541 
Cronn’s disease, 148:537 
enteroenteric intussusception, 148:1129 
gallbladder, torsion, 148:881 
gastric carcinoid (|), 148:1276 
neuroblastoma, children, 148:937 
obstructed appendix, rabbit, 148:281 
prosthetic vascular complications, 148:819 
Septic thrombosis, percutaneous aspiration of, 
inferior vena cava, 148:1213 
small-bowel disease, 148:863 
small-cell carcinoma, lung, 148:845 
xanthogranulomatous cholecystitis, 148:727 
Computed tomography, adrenal, primary adreno- 
cortical carcinoma, 148:531 
Computed tomography, airway, cine-, children, 
148:347 
Computed tomography, body, worksheet in (I), 
148:1060 
Computed tomography, bone 
ectopic, 148:931 . 
parosteal osteosarcoma, 148:323 
positive breast vertebral lesion, 148:341 
Computed tomography, breast, negative vertebral 
lesions, bone scan-positive, 148:341 
Computed tomography, chest 
extension of ascites into, hiatal hernia, 148:31 
mediastinal imaging, myasthenia gravis, 148:509 
occult disease, critically ill patients, 148:685 
pleural endometriosis, 148:523 
silicosis, exposed workers, 148:509 
Computed tomography, colon, diverticulutis, 
148:737 
Computed tomography, cranium 


radiologic findings, 


lithotripsy 


disease, 
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cerebral abnormalities, 
148:1231 

infants and children (b), 148:478 

MRI and (b), 148:1172 

orbital wall fractures, 148:601 


precocious puberty, 


synovial chondromatosis, temporomandibular 
joint, 148:574 
temporomandibular joint 
MRI comparison, autopsy specimens, 


148:1165 
MRI comparison, chondromatosis with intra- 
cranial extension, 148:1173 
radiation dose, 148:107 
Computed tomography, esophagus, 
148:131 
Computed tomography, foot, immobilization tech- 
nique, children, 148:169 
Computed tomography, heart, primary angio- 
sarcoma, 148:267 
Computed tomography, kidney 
cyst rupture, renal hemorrhage due to, 148:763 
end-stage kidney disease, 148:755 
perirenal and renal changes, extra-corporeal lith- 
otripsy (a), 148:656 
renal cell carcinoma, 148:749 
Computed tomography, knee, cystic masses (p), 
148:329 
Computed tomography, liver 
allograft transplantation, postoperative CT find- 
ings, 148:1099 
focal mass (a), 148:656 
indeterminate diagnosis of metastases, 148:723 
single-photon emission, cavernous hemangioma, 
148:125 
Computed tomography, lung 
carcinoma, dystrophic calcification in, 148:29 
fiberoptic bronchoscopy comparison, 148:1 
interstitial disease, 148:9 
Computed tomography, musculoskeletal sys- 
tem, lumbar hernia, 148:565 
Computed tomography, neck, carotid artery dis- 
section, 148:393 
Computed tomography, pancreas, mass, sonog- 
raphy in (p), 148:551 
Computed tomography, pelvis 
exenteration, gracilis myocutaneous vaginal re- 
construction, 148:1143 
malignant gestational trophoblastic disease, 
148:165 
Computed tomography, 
148:899 
Computed tomography, pulmonary artery, right 
ventricular outflow tract obstructive lesions, 
sonography and cineangiography vs, 
148:1189 
Computed tomography, spine 
cervical fractures, comparison with plain film, 
148:1179 
deformities and pseudofractures, 148:97 
fracture dislocations, thoracolumbar 
148:335 
multiplanar (b), 148:392 
Computed tomography, urinary tract, advanced 
tuberculosis, 148:65 
Computer, radiology and (l), 148:230 
Computer page, picture archiving, communication 
system and, 148:1025 
Concentric ring sign, MRI, intraabdominal hema- 
toma, 148:115 
Congenital abnormality, see organ; part 
Contrast medium 
see also specific medium 
perfluorochemicals, abdominal MRI, 148:1259 
Coronary artery, proximal, MRI, 148:665 
Crohn’s disease 
CT evaluation, 148:537 
percutaneous abscess drainage, 148:859 
Cyclosporine, nephrotoxicity, acute renal allograft 
rejection and, sonography, 148:291 
Cyst, see specific organ 


varices, 


prostate, abscess, 


region, 
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Cystic duct, retained stones, treatment with extra- 
corporeal shock-wave lithotripsy, 148:1121 

Cystic fibrosis, tracheal abnormalities of, 148:691 

Cystourethrography, voiding, girls with urinary 
tract infections, 148:479 


D 


Dehydration, occult pneumonia associated with, 
148:853 
Dialysis 
extraperitoneal placement, Tenckhoff catheters, 
148:1211 
gallbladder wall thickness, hypoalbuminemia and, 
sonography, 148:1117 
Diffuse idiopathic skeletal hyperostosis, vitamin 
A and (I), 148:457 
Discography, degeneration of discs (a), 148:655 
Diverticulitis, see Colon 
Doppler, see Sonography 
Downhill flow technique, barium (I), 148:1059 
Duodenum, position and mobility, children, 148:947 
Duplex collecting system, urinary tract infection, 
girls, 148:497 
Dyke award 
harmonic modulation of proton MR precessional 
phase by pulsatile motion, 148:983 
imaging of spinal CSF pulsation, 148:973 
Dysraphism, spinal, intraoperative sonography, 
148:1005 


E 


Echocardiography 
see also Heart, Sonography 
Doppler, calculation of aortic valve area (a), 
148:654 
Ejection fraction, left ventricular, cine MRI deter- 
mination, 148:839 
Emphysema, interstitial, epidural anesthesia and, 


148:301 

Endometriosis, pleural, CT and ultrasound, 
148:523 

Endopyelotomy, percutaneous nephrostomy for, 
148:189 


Endoscopy, upper esophagus, congenital ectopic 
gastric mucosa in, 148:147 
Enteroenteric intussusception, CT 

148:1129 
Epidermolysis bullosa, superficial fascial calcifi- 
cation in, 148:577 
Epistaxis, arterial embolization of, 148:209 
Esophageal candidiasis, focal, AIDS (a), 148:656 
Esophagectomy, transhiatal, esophageal carci- 
noma recurrence after, 148:273 
Esophagitis, medication-induced, 148:731 
Esophagography, medication-induced esophagi- 
tis, 148:731 
Esophagus 
Barrett's, children and young adults, 148:353 
carcinoma, patterns of recurrence, 148:273 
upper, congenital ectopic gastric mucosa, 
148:147 
varices, CT, 148:131 
Ewing’s sarcoma, MRI, 148:317 
Extracorporeal shock-wave lithotripsy 
choledocholithiasis, 148:1114 
cystic duct stones, retained, 148:1121 
epidural anesthesia for, interstitial emphysema 
with, 148:301 


findings, 


F 


Facial nerve, intraparotid, MRI, 148:995 

Femoral head, avascular necrosis, MRI imaging, 
148:1159 

Fetus, sectional anatomy (b), 148:470 

Fibrinolytic therapy, pulmonary vascular throm- 
bosis, severe ARDS and, 148:501 

Fibromuscular dysplasia, vs catheter-induced 
renal artery spasm (I), 148:651 
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Fibrosis, see specific organ; region 
Fracture, see specific type 


G 


Gallbladder 
carcinoma, MRI, 148:143 
multiseparate, incidental sonographic diagnosis, 
148:1119 
resting volume, gallstones, sonographic evalua- 
tion, 148:875 
torsion, CT and sonography, 148:881 
wall thickness, hypoalbuminemia and, patients 
on dialysis, 148:1117 
xanthogranulomatous cholecystitis, 
findings, 148:727 
Gallstones, postprandial emptying, resting gall- 
bladder volume and, sonography, 148:875 
Gastric dilatation, acute, portal venous gas and, 
148:279 
Gastric interposition, esophageal carcinoma re- 
currence after, 148:273 
Gastric mucosa, congenital ectopic, upper esoph- 
agus, 148:147 
Gastrointestinal bleeding, rates, scintigraphic 
findings and, 148:869 
Gastrointestinal studies, radiologic, decreasing 
numbers, 148:1133 
Gaucher disease, MRI evaluation (a), 148:654 
Genitalia, see specific organ 
Gilmore, John Hamilton (m), 148:410 
Glenoid cavity, excessive retroversion (a), 148:655 
Goiter, intrathoracic, thyroid scintigraphy in diag- 
nosis of, 148:527 
Gracilis muscle, myocutaneous vaginal recon- 
struction, after pelvic exenteration, CT, 
148:1143 


radiologic 


H 


Head, MRI, artifacts caused by, 148:1001 
Heart 
CT, primary angiosarcoma, 148:267 
MR, acute myocardial infarction, 148:247 
cerebrospinal fluid flow ventriculomegaly, 
148:193 
left ventricular mass measurement of, 148:33 
potential for evaluation, 148:239 
roentgenology (b), 148:1086 
Heart disease 
congenital 
basic imaging (b), 148:852 
radiologic management (b), 148:1158 
Hemangioma 
see also organ; region 


liver 
cavernous, single-photon emission CT, 
148:125 
fine-needle biopsy (I), 148:231 
Hematoma 


see also organ; region 
extravascular, transcatheter intracavitary fibrinol- 
ysis, 148:378 
hemophilic patients, 
148:121 
intraabdominal, 
148:115 
Hemoccult screening, role of radiology in (l), 
148:458 
Hepatic artery, embolization, through periportal 
collaterals, 148:626 
Hepatobiliary imaging, common bile duct (I), 
148:230 
Hepatocellular adenoma 
see also Liver 
technetium-99m sulfur colloid accumulation in, 
148:1105 
Hernia, see specific organ; type 
Hiatal hernia, ascites and, CT, 148:31 
Hickman catheter, translumbar inferior vena cava, 
total parenteral nutrition, 148:621 


positive iliopsoas sign, 


concentric-ring sign, MRI, 
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Hip, arthroplasty, pseudobursae, 148:103 
Hirschsprung’s disease, bowel perforation in, 
148:1195 
Homocystinuria, 
148:953 
Hydrocephalus 
see also Brain 
external, differentiation from cerebral atrophy, 
148:1223 
Hydrocortisone, sensitivity to technetium-99m im- 
aging, bone trauma, 148:1175 
Hydrogel, wound dressing, aid in sonography (I), 
148:1274 
Hydrogen peroxide, wound irrigation, pneumore- 
troperitoneum secondary to, 148:149 
Hydronephrosis 
see also Kidney 
neonatal, sonographic era, 148:959 
Hyperparathyroidism 
renal, breast calcifications in, 148:855 
secondary, enlarged thyroid glands, sonography 
for, 148:911 
Hyperplasia 
hepatic focal nodular, MRI, 148:711 
hepatic nodular regenerative, clinical and radio- 
logic observations, 148:717 
Hypertension 
see also specific organ 
portal 
diagnosis, emerging technologies, 148:1113 
MRI and angiography correlation, 148:1109 
Hypoalbuminemia, gallbladder wall thickness in, 
sonography, patients on peritoneal dialysis, 
148:1117 


vascular thrombosis and, 


lliopsoas sign, hemophilic patients, hematoma, 
sonographic localization of, 148:121 
Imaging 
see also Radiography; Computed tomography; 
Sonography, Magnetic resonance imaging 
abdomen (b), 148:296 
cardiac (b), 148:300 
diagnostic, surgery (b), 148:744 
new developments (b), 148:754 
normal variants and pitfalls (b), 148:392 
Indium-111, leukocyte scan, appendicitis, 148:733 
Infertility, subclinical varicocele in, sonography, 
148:71 
Internal medicine, imaging in (b), 148:1188 
Intestine, small-bowel disease, CT examination, 
148:863 
Intratemporal facial nerve, MRI, using surface 
coils, 148:589 
ischemia 
cerebral, clinical and experimental, MR and spec- 
troscopy in, 148:579 
tourniquet application, skeletal muscle tolerance 
to (a), 148:654 


Joint, see specific joint 


K 


Kaposi’s sarcoma, lung, AIDS and, 148:25 
Kevlar cassettes, radiation exposure and, neonatal 
nursery, 148:969 
Kidney 
carcinoma, after retrograde pyelography with 
thorotrast, 148:897 
cystic masses, needle puncture of, 148:297 
differential function, radiopharmaceutical use in 
determination, 148:889 
end-stage disease, spontaneous subcapsular 
and perinephric hemorrhage in, 148:755 
failure, rhabdomyolysis and, child abuse, 
148:1203 
hyperparathyroidism, breast calcifications in, 
148:855 
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infection, imaging, children, 148:471 
MRI, adenocarcinoma, 148:59 
papillae, simulating caliceal filling defects, sonog- 
raphy, 148:895 
sonography, acute allograft rejection, cyclospo- 
rine nephrotoxocity and, 148:291 
spontaneous hemorrhage, due to cyst rupture, 
CT findings, 148:763 
transplant 
acute rejection, cyclosporine nephrotoxicity 
and, 148:291 
rejection, evaluation by duplex Doppler exam- 
ination, 148:759 
Kilby, Walter Leroy (m), 148:430 
Klatskin tumor, sonographic appearance (I), 
148:831 
Knee 
amputation below, prosthetic fit, xeroradiogra- 
phy, 148:99 
articular cartilage defects, 
148:1153 
cystic masses, arthrographic and CT evaluation 
(p), 148:329 


cadaver, MRI, 


L 


Lectures, Aubrey O. Hampton: subspecialization in 
radiology, 148:465 
Leg, length measurements, low-dose radiography, 


148:1205 

Lidocaine, heating of, painful injection of (I), 
148:651 

Likelihood ratio, positive or negative test results 
(I), 148:1272 


Linear-array probe, ultrasonic guidance with, as- 
piration biopsy of superficial lesions, 148:623 
Lithotripsy, extra-corporeal, renal and perirenal 
changes following (a), 148:656 
Liver 
artery and vein, stereoscopic digital subtraction 
angiography, 148:825 
CT cavernous hemangioma, 148:125 
focal masses, MRI and CT (a), 148:656 
focal nodular hyperplasia, MRI, 148:711 


mesenchymal hamartoma, childhood (l), 
148:1275 

metastases, indeterminate CT diagnosis of, 
148:723 


nodular regenerative hyperplasia, clinical and 
radiologic observations, 148:717 
transplant 
postoperative CT findings, 148:1099 
rejection, angiographic findings, 148:1095 
Lordotic view, reverse, lung bases (I), 148:651 
Lumbar hernia, CT diagnosis, 148:565 
Lung 
bases, visualization, lordotic view (I), 148:651 
carcinoma, chest-wall invasion by, MRI, 
148:1075 
CT carcinoma, dystrophic calcification in, 148:29 
interstitial disease, 148:9 
Kaposi's sarcoma, AIDS and, 148:25 
small-cell carcinoma, abdominal CT staging of, 
148:845 


Magnetic resonance imaging 
body anatomy (b), 148:1158 
cine 
cardiovascular function, 148:239 
left ventricular ejection fraction, 148:839 
contrast agents, 148:399 
high field strength, physiologic changes during, 
148:1215 
improving image quality, using rephasing gra- 
dients, 148:1251 
murine natural killer cell cytotoxicity, 148:415 
outpatient center, 148:809 
proton, harmonic modulation of, 148:983 
soft-tissue masses, 148:1247 
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surface-coil, intensity correction, 148:418 
Magnetic resonance imaging, abdomen 
comparison with spin-echo images, 148:629 
gallbladder carcinoma, 148:143 
hematoma, concentric-ring sign, 148:115 
perfluorochemicals as contrast agents, rats and 
humans, 148:1259 
Magnetic resonance imaging, blood vessels 
flow-velocity imaging, 148:405 
quantitative phase-flow, dogs, 148:411 
Magnetic resonance imaging, bone, osteogenic 
and Ewing's sarcoma, 148:317 
Magnetic resonance imaging, chest 
myasthenia gravis, 148:509 
supraclavicular region, diagnosis of diseases (p), 
148:1149 
Magnetic resonance imaging, cranium 
artifacts caused by, 148:1001 
brain, ischemia, 148:579 
CT and (b), 148:1172 
extracranial hemorrhages, 148:813 
intracranial tuberous sclerosis, 148:791 
intraparotid facial nerve, 148:995 
orbital pseudotumor, 148:803 
radiation therapy, oligodendroglioma, 148:595 
surface coils, intratemporal facial nerve, 148:589 
temporomandibular joint 
CT comparison, autopsy specimens, 148:1165 
CT comparison, chondromatosis with intracra- 
nial extension, 148:1173 
Magnetic resonance imaging, ear, tumor, internal 
auditory canal, 148:1219 
Magnetic resonance imaging, heart 
acute myocardial infarction, 148:247 
aortic root, proximal coronary arteries, 148:665 
cerebrospinal fluid flow, ventriculomegaly, 
148:193 
left ventricular mass, measurement, 148:33 
pericardium (l), 148:649 
right atrioventricular valve atresia, 148:671 
slow blood flow and thrombus, 148:634 
Magnetic resonance imaging, hip, femoral head, 
avascular necrosis, 148:1159 
Magnetic resonance imaging, kidney 
adenocarcinoma, 148:59 
renal cell carcinoma, 148:749 
Magnetic resonance imaging, knee, articular car- 
tilage defects, cadaver, 148:1153 
Magnetic resonance imaging, liver 
focal mass (a), 148:656 
focal nodular hyperplasia, 148:711 
portal hypertension, angiography correlation, 
148:1109, 148:1113 
Magnetic resonance imaging, lung, carcinoma, 
chest-wall invasion by, 148:1075 
Magnetic resonance imaging, musculoskeletal 
system 
Gaucher disease (a), 148:654 
musculoskeletal system (b), 148:936 
Magnetic resonance imaging, neck 
paragangliomas, 148:201 
supraclavicular region, normal (p), 148:77 
Magnetic resonance imaging, pancreas, diagno- 
sis of disease, 148:703 
Magnetic resonance imaging, pituitary, adenoma, 
148:797 
Magnetic resonance imaging, prostate, normal, 
148:51 
Magnetic resonance imaging, shoulder 
high-resolution, normal rotator cuff, 148:559 
normal, 148:83 
Magnetic resonance imaging, spine 
disc degeneration (a), 148:655 
imaging of cerebrospinal fluid, 148:973 
neurovascular anatomy, 148:785 
syringomyelia, 148:381 
Magnetic resonance imaging, testicles, polyor- 
chidism, 148:305 
Magnetic resonance imaging, uterus, anomalies, 
148:287 
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Magnetic resonance imaging, wrist, carpal tunnel, 
148:307 
Magnetite albumin microspheres, MRI contrast 
material, 148:399 
Malpractice, radiologists and (|), 148:830 
Mammography 
breast calcifications, renal hyperparathyroidism, 
148:855 
density and physical assessment, 148:525 
grids, breast radiation and (l), 148:456 
localization device, occult breast lesions, 148:699 
parenchymal patterns, quantitative evaluation of 
densities, 148:1087 
recurrent cancer, irradiated breast, 148:39 
user's guide (b), 148:358 
Memorials 
Andrews, J. Robert, 1906-1986, 148:964 
Gilmore, John Hamilton, 1907-1986, 148:410 
Kilby, Walter Leroy, 1905-1986, 148:430 
Morgan, Russell H., 1911-1986, 148:16 
Methyl tertiary butyl ether, dissolution of common 
bile duct stones, 148:372 
Microspheres, magnetite albumin, 148:399 
Monooctanoin infusion, stone removal and, 
through transparenchymal tract, 148:185 
Morgan, Russell H. (m), 148:16 
Musculoskeletal system 
MRI (b), 148:936 
tumors, radiologic management (b), 148:1152 
Myasthenia gravis, mediastinal imaging, 148:509 


Myelolipoma, adrenal, fine-needle aspiration, 
148:921 

Myocardial infarction, MRI in, 148:247 

Myocardium 


see also Heart 
calcification, radiographic distinction, 148:675 


N 


Natural killer cells, murine, cytotoxicity, MRI ef- 
fects, 148:415 
Necrosis, avascular, femoral head, MRI imaging, 
148:1159 
Needle aspiration 
see also Biopsy 
adrenal myelolipoma, 148:921 
transthoracic, pneumothorax, 148:849 
Neoplasm, see specific organ; region 
Nephrolithotomy, percutaneous, complications, 
148:177 
Nephrostomy, 
148:189 
Nephrotoxicity, cyclosporine, acute renal allograft 
rejection and, 148:291 
Neuroblastoma 
MAI, children, 148:937 
sonography, children, 148:943 
Neuroradiology, standard text (b), 148:1014 
Nuclear medicine 
cardiac imaging (b), 148:520 
techniques in diagnostic medicine (b), 148:684 
1986 yearbook (b), 148:70 


percutaneous, endopyelotomy, 


O 


Occult disease, thoracic CT, critically ill patients, 
148:685 
Oligodendroglioma, radiation therapy of, MR in 
planning, 148:595 
Opinions 
academic and private practice: competition, 
concession, and conciliation, 148:1027 
academic radiology: a personal reflection on past 
and future challenges, 148:1269 
beyond radiology training: a guide to career 
choice, 148:1029 
“cost-effective”: a trendy, often misused term, 
148:827 
musculoskeletal imaging: an evolving subspe- 
cialty, 148:1186 
Orbital pseudotumor, MRI surface-coil, 148:803 
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Orbital wall, fractures, direct oblique sagittal CT, 
148:601 
Osteoarthropathy, hypertrophic, periostitis in, 
148:773 
Osteochondroma, femur, popliteal vein thrombosis 
and pseudoaneurysm, 148:783 
Osteochondromatous proliferation, parosteal, vs 
benign florid reactive periostitis (I), 148:650 
Osteogenic sarcoma 
MRI, 148:317 
radiographic spectrum (p), 148:767 
Osteomyelitis, fracture and, leukocyte scintigra- 
phy, 148:927 
Osteoporosis, densitometric screening for (l), 
148:830 
Osteosarcoma 
see also Bone 
parosteal, radiologic-pathologic 
148:323 


correlation, 


Ovary 
cysts 
neonatal, 148:175 
sonographic findings, 148:901 


p 
PACS, see Picture archiving and communication 
systems 
Paget’s disease, dynamic classification (a), 
148:655 


Pancreas, disease, MRI in diagnosis, 148:703 
Paragangliomas, MRI, 148:201 
Paranganglioma, mediastinal, radiologic evalua- 
tion, 148:521 
Paravertebral ossification, 
toothed cat, 148:779 
Parenteral nutrition, permanent total, translumbar 
inferior vena cava Hickman catheter for, 
148:621 
Pediatric radiology 
acute renal infection, imaging, 148:471 
airway obstruction, cine-CT, 148:347 
Barrett's esophagus, 148:353 
chest, Doppler ultrasound (b), 148:946 
cranial computed tomography (b), 148:478 
diagnostic imaging (b), 148:44 
duodenum, position and mobility of, 148:947 
feet, immobilization technique, 148:169 
mesenchymal hamartoma, liver (I), 148:1275 
neonatal hydronephrosis, sonographic era, 
148:959 
neuroblastoma 
MRI, 148:937 
sonography, 148:943 
organ-absorbed doses, CT, 148:171 
ovarian cysts, neonatal, 148:175 
pelvic masses, sonography in, 148:1199 
radiation exposure, Keviar cassettes, neonatal 
nursery, 148:969 
renal artery stenosis, posttransplant, 148:487 
rhabdomyolysis, renal failure and, child abuse, 
148:1203 
ultrasound (b), 148:1198 
umbilical artery thrombosis, sonographic detec- 
tion, 148:965 
ureteral dilatation, 148:483 
urinary bladder stones, children and young 
adults, 148:491 
urinary tract infection 
duplex collecting system in, girls, 148:497 
sonography in (a), 148:655 
urography, voiding cystourethrography, girls, 
148:479 


prehistoric saber- 


Pelvis 
exenteration, gracilis myocutaneous vaginal re- 
construction, 148:1143 
masses, sonography, children, 148:1199 
Penis, magnification, arteriography, 148:883 
Percutaneous abscess, drainage, Crohn's dis- 
ease, 148:859 
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Percutaneous transhepatic drainage, with cho- 
langitis, 148:367 
Perfluorochemicals, as contrast agents, abdomi- 
nal MRI, 148:1259 
Pericardium 
calcification, radiographic distinction, 148:675 
normal, MRI (I), 148:649 
Periostitis 
florid reactive, benign, vs parosteal osteochon- 
dromatous proliferation (I), 148:650 
hypertrophic osteoarthropathy, disease duration 
relations, 148:773 
Pharmacoarteriography, 
148:883 
Pharyngography, contrast, importance of phona- 
tion (p), 148:269 
Pharynx, visualization (p), 148:269 
Picture archiving and communication systems, 
Japan, 148:427 
Pituitary gland 
adenoma, MRI, 148:797 
CT (b), 148:8 
Placental abruption, 
148:161 
Pleural effusions, supine chest radiograph detec- 
tion of, 148:681 
Pneumocolon, decubitus radiography, intracas- 
sette filter for, 148:547 
Pneumonia, occult, dehydration and, 148:853 
Pneumoretroperitoneum, secondary to hydrogen 
peroxide wound irrigation, 148:149 
Pneumorrhachis, traumatic, 148:615 
Pneumothorax, small chest tube treatment of, 
148:849 
Polyhydramnios, severe, sonography, 148:155 
Polyorchidism, MRI evaluation, 148:305 
Polypectomy, postbiopsy lesions appearing as rec- 
tal ulcers, barium studies, 148:285 
Popliteal artery, pseudoaneurysm, osteochon- 
droma, femur, 148:783 
Popliteal vein, thrombosis, osteochondroma, fe- 
mur, 148:783 
Portal venous system, gas, acute gastric dilatation 
and, 148:279 
Postprandial emptying, gallstones, sonographic 
evaluation, 148:875 
Prostate 
abscess, CT and sonography, 148:899 
endorectal sonography, clinical implications, 
148:1137 
MRI, normal anatomy, 148:51 
Pseudobursae, subtraction hip arthrograms, 
148:103 
PTD, see Percutaneous transhepatic drainage 
Pulmonary artery, right ventricular outflow tract 
obstructive lesions and, CT, sonography, 
and cineangiography comparison, 148:1189 
Pulmonary edema, unilateral, postiobectomy pul- 
monary vein thrombosis, 148:1079 
Pulmonary embolism, occult, deep venous throm- 
bosis, 148:263 
Pulmonary nodules, simulated, calcium in, digital 
radiography, 148:19 
Pulmonary vascular thrombosis, severe ARDS, 
148:501 
Pulmonary vein, postiobectomy thrombosis, unilat- 
eral pulmonary edema due to, 148:1079 
Pyelography, retrograde, renal carcinoma after, 
148:895 


penile magnification, 


sonographic spectrum, 


Radiation 
breast, mammographic grids and (|), 148:456 
dose, temporomandibular joint, 148:107 
exposure in neonatal nursery, Keviar cassettes 
and, 148:969 
oligodendroglioma, 148:595 
Radiography, digital, dual-energy, calcium in sim- 
ulated pulmonary nodules, 148:19 
Radiography, technique 
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abdomen, acute gastric distension, 148:279 
aberrant right subclavian artery, 148:253 
appendix, obstructed, rabbit, 148:281 
chest 
myasthenia gravis, 148:509 
pericardial and myocardial 
148:675 
pleural effusions, 148:681 
computed, direct radiographic magnification, 
148:569 
decubitis, pneumocolon, intracassette filter for, 
148:547 
low-dose leg length measurements, 148:1205 
plain lateral, C2 body fractures, 148:609 
radiation dose, temporomandibular joint, 148:107 
radiolucency, simulating a gallstone, common bile 
duct, 148:136 
tracheal abnormalities, cystic fibrosis, 148:691 
tracheal rupture, early signs, 148:695 
Radiologic-pathologic correlation conference, 
vascular thrombosis and homocystinuria, 
148:953 
Radiologist 
informed consent, 148:219 
patient education, preventive medicine and (l), 
148:456 
Radiology 
academic, personal reflection, 148:1269 
cancer management, metastases and tumor ex- 
tension in abdomen, 148:1123 
computers (I), 148:230 
examinations, language of certainty (I), 148:650 
gastrointestinal studies, decreasing numbers, 
148:1133 
hemoccult screening and (|), 148:458 
interventional (|), 148:1273 
notes on diagnosis (b), 148:18 
orthopedic (b), 148:76 
radiology clinics of North America (b), 148:1210 
recent advances (b), 148:1035 
subspecialization, Aubrey O. Hampton Lecture, 
148:465 
trainees, clinical year (I), 148:652 
urology and (b), 148:64 
Radiology, operations, total digital department, 
148:421 
Radiology, training 
career choice, opinion, 148:1029 
pulmonary and cardiac, residency and fellowship 
programs, 148:1081 
Radiopharmaceuticals, differential renal function 
and, 148:889 
Rectum 
clinical imaging (b), 148:1210 
ulcers, after biopsy or polypectomy, 148:285 
Renal artery 
spasm, catheter-induced (I), 148:651 
stenosis, posttransplant, children, 148:487 
Renal cell carcinoma, MRI and CT comparison, 
148:749 
Respiratory distress syndrome, adult, pulmonary 
vascular obstruction in, 148:501 
Rete testis, papillary adenocarcinoma, sonogra- 
phy, 148:1147 


calcification, 


Retroperitoneal compartmental anatomy (I), 
148:829 

Rhabdomyolysis, renal failure and, child abuse, 
148:1203 


Rotator cuff, normal, high-resolution MRI, 148:559 


S 


Sacral fracture, scintigraphic diagnosis, 148:111 
Saphenous aortocoronary bypass graft, chroni- 
cally occluded, transcatheter recanalization 
S « Of 148:375 
Scintigraphy 
leukocyte, osteomyelitis complicating facture, 
148:927 
sacral fractures, 148:111 
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technetium-99m RBC, gastrointestinal bleed rate 
correlation, 148:869 
thyroid, intrathoracic goiter diagnosis, 148:527 
Shoulder, normal, MRI, 148:83 
Silicone, erosive arthritis induced by, 148:923 
Silicone stents, biliary drainage, 148:741 
Silicosis, exposed workers, CT assessment of, 
148:509 
Skeletal development, wrist and hand (b), 148:926 
Small-cell carcinoma, lung, abdominal CT staging 
of, 148:845 
Society of Magnetic Resonance in Medicine, 
meeting, Montreal, 148:1030 
Soft tissue, masses, MRI, 148:1247 
Sonography, ultrasound annual 1986 (b), 148:894 
Sonography, abdomen 
bile duct, daytime constancy of diameter, 
148:557 
gallbladder, torsion, 148:881 
gallbladder wall thickness, hypoalbuminemia, pa- 
tients on peritoneal dialysis, 148:1117 
guide to examination (b), 148:536 
hydrogel wound dressing (I), 148:1274 
manner of examination (b), 148:880 
multiseparate gallbladder, incidental diagnosis, 
148:1119 
neuroblastoma, children, 148:943 
obstetrical (b), 148:906 
obstetrics and gynecology (b), 148:702 
obstructed appendix, rabbit, 148:281 
ovarian cysts, 148:901 
resting gallbladder volume, postprandial empty- 
ing and, gallstones, 148:875 
subfascial hematoma, cesarean 
148:907 
xanthogranulomatous cholecystitis, 148:727 
Sonography, adrenal, primary adrenocortical car- 
cinoma, 148:915 
Sonography, chest, 
148:523 
Sonography, fetal 
neonatal hydronephrosis, 148:959 
umbilical-artery thrombosis, 148:965 
ureteropelvic junction obstruction, 148:359 
Sonography, intrauterine 
adenomyosis, 148:765 
main-stem bronchial atresia, 148:364 
placental abruption, 148:161 
severe polyhydramnios, 148:155 
twin gestations, membrane thickness and, 
148:151 
Sonography, kidney 
acute allograft rejection, cyclosporine nephrotox- 
icity, 148:291 
column of Bertin, hypertrophied (I), 148:1277 
duplex Doppler, renal transplant rejection, 
148:759 
normal renal papillae, simulating caliceal filling 
defects, 148:895 
perirenal and renal changes, extra-corporeal lith- 
otripsy (a), 148:656 
Sonography, liver 
Klatskin tumors (I), 148:831 
metastases, 148:723 
Sonography, pancreas, mass shown on CT (p), 
148:551 
Sonography, pelvis, diagnostic predictability, 
masses, children, 148:1199 
Sonography, prostate 
abscess, 148:899 
endorectal, clinical implications, 148:1137 
Sonography, pulmonary artery, right ventricular 
outflow tract obstructive lesions, CT and 
cineangiography vs, 148:1189 
Sonography, spine, intraoperative, dysraphism 
and syringohydromyelia, 148:1005 
Sonography, testicles 
papillary adenocarcinoma, rete testis, 148:1147 
subclinical varicocele, infertility, 148:71 
Sonography, thyroid 


delivery, 


pleural endometriosis, 
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carcinoma, follow-up, 148:45 
enlarged, secondary _hyperparathyroidism, 
148:911 
Sonography, urinary tract 
advanced tuberculosis, 148:65 
infection, children (a), 148:655 
SPECT, see Computed tomography 
Spectroscopy, clinical and experimental cerebral 
ischemia, 148:579 
Spine 
cervical 
fractures, CT and plain film comparison, 
148:1179 
MRI, 148:785 
deformities and pseudofractures, CT, 148:97 
intramedullary metastases, nonneurogenic origin, 
148:1015 
thoracolumbar region, facet fractures, CT pat- 
terns, 148:335 
Stones 
see also specific type 
urinary bladder, children and young adults, 
148:491 
Subarachnoid hemorrhage (b), 148:740 
Subclavian artery, aberrant right, 148:253 
Subfascial hematoma, after cesarean delivery, ul- 
trasound, 148:907 
Supraclavicular region 
diagnosis of disease, MRI (p), 148:1149 
normal, MRI (p), 148:77 
Synovial chondromatosis, temporomandibular 
joint, CT diagnosis, 148:574 
Syringohydromyelia, intraoperative sonography, 
148:1005 
Syringomyelia, MRI appearance of, 148:381 


T 


Technetium-99m 
gastrointestinal bleed rate correlation, 148:869 
hydrocortisone effects, bone trauma, 148:1175 
Technetium-99m sulfur colloid, accumulation, he- 
patocellular adenoma, 148:1105 
Temporomandibular joint 


CT and MRI 
chondromatosis with intracranial extension, 
148:1173 
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